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The research discussed and reported in this thesis
was conducted
so that more might be learned about student conceptions
of selected

opening topics which make up the electricity portion of a standard
college introductory physics course.

Data were collected through

diriically— styled interviews conducted with engineering majors who were
in various stages of progress through a calculus— based course geared
to that particular college major.

Since no prescription for the research interview appropriate to

my study was found in the literature, a detailed description of my

particular adaptation is included.
Specific research questions were related to the basic electrical

circuit properties of continuity and polarity, the role of the various

elements in simple operating (D.C.) circuits, and student approaches in
general to problems in electricity.

Student conceptions of these ques-

tions are discussed largely in terms of the human information-processing

model elaborated by Jean Piaget.

Having examined student-held concep-

tions before, during and after related instructional experiences,

I

am

able to make inferences about how conceptions are affected by these
experiences.
to the
The main conclusion is that student misconceptions are due

build upon
fact that the standard physics instructional models do not

Vll

existing student knowledge structures.
The final chapter Includes both
specif Ic-to-electriclty and more

widely- applicable recommendations concerning
teaching physics to
college students.
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CHAPTER

I

INTRODUCTION

Having had to read the same children's
stories to each of three
children in different years, my continued
"enthusiasm" depended on
finding a way to superimpose my world on that
of the story line.

Some

of those stories had a greater potential
for personalization than

others, and The Reluctant Dragon by Kenneth Grahame
was one which

recall as being quite rich in that respect.

I

On the surface, this tale

is about a dragon who has to be cajoled into acting
like the mean, in-

timidating creature which the people living nearby expected him to be.
Clearly, this dragon prefers discussing art and poetry with visitors

rather than terrorizing them.

Other readers of Grahame 's story have

been equally impressed by this quality, for

I

"reluctant dragon" used when referring to

person who is resistant to

a

have heard the phrase,

playing a culturally-expected role.
Creating a simile between the Grahame nursery tale and the process
of education, I would say that most teachers, like most dragons, carry

out their role as they perceive it to be expected of them:

supposed to be good talkers and good demonstrators.

teachers are

Because this mode

of instruction is the traditional one, it is widely used.

Consequently,

any given teacher's own learning experience likely was based on these

"show-and-tell" practices.

But,

some of these educator/dragons are more

reluctant than others, because they

se-^se,

somehow, that standard educa-

tional practices have a questionable effect on the success or failure of
their students.

Nevertheless, these traditional practices continue today

as a primary mode of teaching.

1

2

have choaen to Investigate
the effectiveness of these
standatd
practices by examining the end
result.
Specifically, this thesis Is
1

a report of the student
conceptions regarding topics In
electricity at

.the college physics level.

I

am using the term, "conceptions",
as a

descriptor of the Ideas which come to
exist In a person's mind as the
result of attempts to Interpret the
environment - the phrase, "Student
conceptions" being a reference to the ideas
found in the mind of the
student.

Although my description of these conceptions
will undoubtedly

generate doubt about the appropriateness of some of
our usual physics
learning experiences, my intent is not to go around
slaying "teacher/
dragons

but, to convince more of them to become "reluctant
dragons".

Investigating Conceptions

.

A conception can be further defined as

a person's unique mental

construction of some idea of reality; i.e., it is something which is
known by that person.

Several attempts have been made to physiologic-

ally describe mental processes, and some of these research projects
have been presented in the September, 1979 issue of Scientific American .^

These direct investigative procedures involving the use of electrical
and radiant energy detectors of transducers are yet so restricted and

ambiguous that most Investigators continue to use more indirect methods,
such as tests and interviews.

Most of us have learned how to infer what other people are thinking by listening to what they have to say, or by noting their facial

^The article, "Small Systems of Neurons", by Eric Kandel is particularly

relevant

3

expressions and other "body language"
in social situations.

1

have ac-

quired the data for this study under
the assumption that it is
valid to
infer aspects of another person's mental
processing by carefully observing and interacting with that person
while he or she is engaged In answering a question or working on a problem.
A widespread interest within the academic
community in determining

what and how a person thinks has resulted in the
creation of
demic discipline

—

"Cognitive Science".

a

new aca-

A major Interest among Cognitive

Scientists is that of data gathering, with particular concern for the
extent of investigator involvement with the subject being interviewed.

Be-

cause of the nature of inference it would be absurd to posit that obser-

vations about what is going on in another person's mind can ever be presented as indisputable fact.

Most of us have misjudged another person's thoughts about us by mis-

interpreting that which we have heard or seen on an occasion.

On the

other hand, it is reasonable to assume that some degree of modeling is
possible, and the key to credibility is some clear statement about the

postulates upon which the modeling process is based.

I

believe that

a

creditable model of another person's cognitive processes may be developed
through a data-gathering procedure which is built upon the following

guidelines
1.

There must be more than one Incident

—

the greater the number,

and the greater the separation in time, the better.
2.

The question, or problem, should be as non-suggestive, in terms
of acceptab e answers, as possible.

3

.

The investigator must be allowed to pro e subject responses

with adaptive follow-up interactions.

A

might be expected, there is disagreement
among cognition researchers

regarding the validity of the three
statements just given.

The signi-

ficant aspects of the controversy and
the reasons for setting these

particular three guidelines as the core of my
essentially Piagetian in-

vestigative procedure will be discussed in the
following two chapters.
Of Particular Concern;
I

Preconceptions and Misconcep tions.

have not investigated, and will not report on everything
known

by my subjects about topics in electricity from introductory
physics.
As a matter of fact,
to know!

I

will not discuss everything that

I

found them

My primary concern has been with the preconceptions and mis-

conceptions of my subjects with regard to selected topics in electricity,

with the selection process developing adaptively from initial exploratory
interviews

Business people use the phrase "Bottom Line" to describe the net
effect of some many-stepped transactions involving both gains and losses.
Exit testing is a "bottom-line" educational practice.

In addition to

judging student competence, exit testing instruments are often used by
instructors to evaluate the effectiveness of the particular course design.
Since results of such tests do not provide information about the knowledge

structures which students bring to the course, the implication is that
either what students already know is irrelevant or, at the very least,
their knowledge is incomplete.

At this point, let me define a few im-

portant terms, which appear throughout this thesis

-

"preconceptions"

and "misconceptions".
predicted
A "preconception" is that collection of factual data and

portion is called
outcomes based on prior specific actions (this latter

5

"schema” by Piagetian Cognition
theorists) found In

a

person’s mind.

This collection is used by that person
to deal with some particular

information from the outside world (outside
the person’s own mind).
Essentially, we have preconceptions about nearly
every phenomenon or
idea encountered by us in the course of everyday
living.

Some precon-

ceptions are deeper, more extensive or more detailed
than others, and
we are more aware of some, than we are of others;
but few cognition

theorists dispute the assertion that these notions play

a definite role

in the mental processing of all newly-perceived information.

There is

disagreement, however, about the importance of these preconceptions,

with respect to learning.

I

believe the role to be important.

"Misconceptions" are like preconceptions, except that this label is
reserved for those conceptions which are either inappropriate, or become
inappropriate, as a result of some educational experience presumably
designed to create a true comprehension.

Investigating preconceptions, as

I

have done implies that what the

person knows upon entering a particular topic or course has a significant

bearing on the outcome of the experience provided by the instructor.

My

findings also imply that the study of misconceptions enables us to make
some kind of statement regarding the effectiveness of certain experiences.

Perhaps the most important preconceptions to an instructor are those

which retard progress in the course.

Of equal importance are those firm

or comfortable intuitive ideas which can be built upon in the material
to be introduced.

I

shall use the term "misconception" for models or

ideas which lead to unacceptable answers or solutions (for the average
of
professional physicist) to questions or problems in the context

course

a

Although the misconception carries
an "error" connotation,

I

do not

mean to suggest that misconceptions
are always useless or undesirable.
They can, In some cases, be creative
constructions of the student,

which are useful first-order theories about
dally life.

In the context

of a standard physics course, however,
they can conflict with the more

formal theory that is being taught.
In the chapters to come, general questions
such as the following will

be addressed:

How well does the learner's conception of a physical phenomenon
coincide with the one of the teacher-expert?
learner's entry conceptions compare with the teacher's

-

expectations of those conceptions?
If a learner has inappropriate conceptions, or downright incorrect

conceptions for that matter, how effective are some typical encounters with the "correct model'' in turning those conceptions
around?
One of the main purposes of this research project is the application
of its results in the further investigation of the rightness of current

practices in college physics education.

As

I

reflect on my own experi-

ence as an instructor over the past 20 or so years,

I

am confronted with

what appears to be a lag between the "new-wave" instructional practices
at the secondary level and similarly intended practices at the college

—

twenty

level.

This lag is approximately equal to that period of time

years.

Changes in secondary school level t-^aching practices came after

much debate about the significance of the various data concerning the

relationship between student competency and learning experiences.
ing the genesis of those discussions,

I

Recall-

find my present colleagues at the

7

college level almost retracing the
development of those debates.

In

listening to them, one sometimes gets
the impression that the debates
either never took place, or that the
arguments are not seen to be
germane to the learning process at the college
level.

A review of

just what those issues were, and how they were
largely resolved would
be helpful in realizing the need for the study
being reported here.

The New Physics Teacher, circa 1956

.

My initiation to teaching high school physics was in

a school

where

conditions were thought to be adequate since there were sufficient numbers of texts considered to be among the best available at the time.

Of

lesser importance, and, therefore, of little or no consequence, were pro-

visions for the student laboratory.

Laboratory experiences were planned

around the twenty or thirty different pieces of equipment which, to the
best of my recollection, seemed to be left over from
movie.

a

Frankenstein

In terms of overall adequacy, the learning environment was much

like others of the day.

I

cannot recall any debate at all about the

relative advantages of active versus passive student involvement with
the learning process.

Other matters were of overriding consideration.

As far as personal, qualifications went,

qualified;

I

I

was certainly "highly"

had a college degree in chemistry (many other instructors

of physics were graduates of non-science programs)

little concern that

I

.

had never experienced "student teaching".

primary reason for my being considered a "desirable'
I

There seemed to be
The

candidate was that

knew something about the content to be taught
matter:
Being a "good" teacher was a reasonably straightforward

was to accurate,! ^
Using language appropriate to the student, the teacher

8

the operation ot popular
physical systems (refrigerators,
automobile engines, electric brakes and
so on); also, the teacher
was to

demonstrate , by writing them out on a
chalkboard, the solutions of certain prototypical mathematically-oriented
physics problems.
f^^ling of knowing when one has succeeded

.

Success, or failure, was a simple matter to
determine.

cessful if

I

I

was suc-

"covered" the entire textbook in the time allotted;

I

was

successful if my students were able to achieve appropriate
scores in the

physics part of the College Entrance Examination Boards tests.
I

Of course,

really felt successful if returning students told me of their success

with physics at the college level because of their high school experience.
Everybody seems happy

—

why change?

One widely-held hypothesis about why the American system of learning

about physics was failing (when compared to the Russians system under

which scientists were able to solve the problem of launching and guiding
a satellite) was based on a content argument.

I

specifically recall at-

tending a talk during which the lecturer suggested that the Russian success was due to their solving the problems of a rocket's guidance system

through the use of matrix algebra

—

a system less understood in the United

States where solving differential equations was the most popular approach

applied to that particular set of problems.

So American scientists were

lagging behind their Russian counterparts because they knew less about

mathematics.

If students must acquire more specific information,

their teachers must have it first.

then

The federal government set up pro-

grams to update the classroom teacher.

I

was one of these teachers given

the summer of 1958.
a stipend to study physics and mathematics during

9

When the panic over Russian dominance subsided,
many started to

ask the question, "How much is enough?"

Is it possible to know every-

thing which must be known in order to solve any conceivable
physics

problem?

In response to these questions came the hypothetical
question,

"Why not teach physics as it is practiced by physicists?"

The simplicity of the problem - the difficulty of the solution

.

How does one go about the business of learning how physicists solve
problems?

Answering this question meant describing the conceptual struc-

of physics;

investigators were looking for the experts' prescription

for getting problems solved.

A physics course developed by the Physical Science Study Committee,
"PSSC Physics" as it came to be called, was born out of the struggle to

provide the learner with some feeling for those elusive "inner structures"
of physical systems.

This course was not as well-received as its propon-

ents expected il to be.

The problems that arose in this program resulted

from the fact that the structures to be learned were inappropriate to the

learning levels of students.

Having had the opportunity to study physics, and physics teaching,
under several of the physlcists-educators who were part of the PSSC program,

I

went on to teach physics, based on the PSSC approach, for the

next seven years.

In retrospect,

I

was one of the many teachers who

largely retained the traditional structure.

A colleague of the day told

experiences
me he thought that the PSSC laboratory exercises were great
but the text was too "tough".

can recall one of my most able students

I

taken the course with me:
remarking In a meeting two years after she had
"It was one of the best courses

I

have ever taken but you'll never get

10

me into another physics course;
ever!"

Identifying the make-up of science
courses was recognized by the
educational and scientific community as a
problem of considerable difficulty.

The National Academy of Sciences’ Woods
Hole Conference in 1959

was one of the serious attempts to arrive
at some consensus solution to
the problem.

For that conference, thirty-five recognized
"experts" from

science, education and psychology gathered to express
and share possible

curriculum revisions.

Professor Inhelder from the Institut Jean Jacques

Rousseau in Geneva (in which Piaget's group was centered at that
time)
was one of the conference members.

Bruner (1970), describing reactions

to the final report, mentions the dominating influence of Inhelder.

One

of the conference members expressed concern that Piaget's views had been

given too prominent a place in reports of the conference findings; undoubtedly, that prominence reflected Bruner's views as well.

Conceptua 1 Structures and College Course

.

Are the arguments made about learning at the secondary level rele-

vant to learning at the college level?

I

believe that, since there is

little proof of some quantum jump in intellectual maturation between

twelfth grade and freshman year in college, it is reasonable to assume

similar levels of cognitive processing.

Secondary educators have agreed that they must consider more than
the subject matter content, but there is yet little agreement about which

aspects of 'earning should predominate.
College educators are still mostly concerned with the content

review of widely-used texts indicates this to he the case.

I

—

a

am suggest-

to an
ing that we turn, in both secondary and college situations,

11

examination of student conceptions.

For If „e do so, at a very
minimum

we will learn more about the
foundations upon which we are building
and.
hopefully, we may even learn more about
the practices that will optimize
learning.

Teachers have persistent preconceptions too
In the chapters to come,

.

there is considerable analysis of student

preconceptions in physics. Having become quite Interested
in the mental
structures which virtually force us to act against what may
often seem
to others to be the more logical choice

,

I

have come to believe that we

have been, and many of us who now teach still are, driven in our methodology by some very strong preconceptions concerning the role of acquiring

specific content in learning.

CHAPTER

II

MODELS CONSIDERED IN METHODOLOGY
OF STUDY

Introduction

Thus far,

I

have suggested that an investigation of
student concep-

tions will provide us with useful information
about the outcomes of

standard practices in education.

It has also been suggested that not

all Cognitive Process investigators would agree
with the specifics of
the paradigm, as briefly outlined in the previous
chapter, as the most

appropriate way to investigate another person's thinking processes.
this chapter,

I

In

shall review the two main schools of cognitive process

research which relate to the instruction of people.
The two approaches are Computer-Based and Clinical.

I

have chosen

to use these same terms to describe the foundational work for my own

research.

A reasonable sampling of activities, which are considered

prototypical will be presented.

Since Cognitive Process research is a

relative newcomer to the scientific community, problems were frequently
experienced when attempts were made to clearly distinguish current directions and concerns from established methods.

Hopefully, decisions made

regarding these problems will serve to clarify rather than add to the
confusion.
The first section of this chapter deals with the Artificial Intelli-

gence/Computer-Based approach (also called "Computer" in this paper).
Briefly described, the Computer researcher terds to either validate his
cognitive processing models with computer programs or build models derived from a successful program.

Thus, a "good" model must be computer

realizable, even if a yet-to-be-developed
12

,

but plausible, technology is

13

required to actualize that
program.

Herbert Simon, recently
awarded the

Nobel Prize In economics.
Is referred to quite frequently
In connection
with this particular approach
to research.
At the very least. Simon's
contributions have set the tone for much
of the work done by co-workers
and colleagues.
The second section of this chapter
will present clinical approaches
to cognitive process instruction
research.

Although Jean Piaget’s work

has served as a base for all cognitive
process research, the "Clinicians"

have found more of it acceptable than any
other group.

Hence the work

of Piaget and his colleagues at the University
at Geneva’s Center of

Genetic Epistemology, collectively called the "Genevans"
sometimes,
will often serve as the comparator for Clinical work.

J.

A.

Easley from

the University of Illinois has written much about the merits of the

clinical approach.

His articles have proven to be a valuable resource

for "who is doing what" and "what is going on where" in Clinical research.

The Venn diagram in figure

1

is a concise guide to the relationships

between the various disciplines allied to human information-processing
research.
The data for the research reported in this thesis was obtained

through clinically-styled interviews, so it is clear that

I

have con-

cluded the clinical approach to be the most appropriate one for my purposes.

Since Artificial Intelligence modeling has its proper place in

research,

I

am presenting some of the details relating to this approach

because comparisons between my findings and possible outcomes of Computer
projects are inevitable.

14

Nesting of Disciplines Concerned with
Human Information Processing

I

Figure

f

1

15

Computer versus Clinical
_Slgnlflcance of the Kinds of Data.

Since the research target in either approach
is

solution to a

r^ problem,

a

real person’s

the data most often used in both paradigms

^riterv iew process and the subsequent protocol
analysis

.

But,

these two tasks are interpreted differently by each class of
investigators, so it is often true that determining whether a given research
ap-

proach is Computer or whether it is Clinical depends on interviewing
constraints and the use of the interview results.
The interview is the Clinician’s sole data source.

Theoretical

models are constructed through the study of the interactions between
interviewer and subject as reported in the protocols.

Each probe and

each response has to be accounted for in the resulting model.

Because

transcripts are their only proof of validity, these researchers often
turn to other reviewers for corroboration of their interpretation of

specific subject responses.

Computer researchers often use interviews, but do so in a different
way.

Interviews are used as guides to writing Artificial Intelligence

programs, the encoding by which a machine makes decisions based on raw
data, and modeling procedures usually require that interactions between
the subject and investigator not be allowed.

Basically the investigator

situation by the
is interested in the unprovoked analysis of a problem

model person.

The validity of this researcher's model is determined by

problem.
whether or not the program is able to solve a given

Often, the

place, is not referenced
data used to construct the program in the first
I

details of the interviews
found few Computer investigators discussing

carried out as part of their work.
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Historical Background
The investigation of human problem-solving
processes Is relatively

new among scientists.
called epistemology.

This concern was left to a formal
discipline
A branch of philosophy, epistemology deals
with

knowledge in its current state.

Since epistemologists neither build nor

test their theories with actual data, results of
studies are usually ar-

bitrary sets of rules developed and followed by philosophers.

Experi-

enced educators will recognize the likelihood that our
understanding of

thinking is the result of such "arm-chair" contemplation of what the
thinking process is all about.

Much of the credit for the "scientif ication" (inclusion of data
from human subjects) of the study of knowledge goes to the Swiss psychologist, Jean Piaget.

A person with professional preparation in biology,

psychology, and philosophy, it was he who proposed model building using
the experimental techniques normally associated with the natural sciences.^

Although Piaget began what has since become an exhaustive study fifty or
sixty years ago, the theoretical basis for such an approach to examining
and modeling human thinking was pulled together in a single treatis

only within the last decade.

2

Cognitive Process Instruction, an even newer field, was created out
of a need to develop instructional models which include laboratory data
on human information processing.

Laboratory data are used by some inves-

tigators to generate a model and by others to test a model, but wherever
ectual Devejj:
^Herbert Ginsburg and Sylvia Opper, Piaget's Theory of Intell
1969),
pp.
Prentice-Hall
Cliffs:
(Englewood
An Introduction
opment:
,

^Jean Piaget, Genetic Epistemology

,

(New York: W.W. Norton, 1970).
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they are used, laboratory style
evaluations of human thinking play
as
important a role as theoretical Inference.
The section which follows directly is
a review of the modeling pro-

cess just described, from the viewpoint
of the Computer investigator.

Before going on, it might be well to review
the Venn diagram given

earlier to help in developing a perspective of where
the paper is going.

Information Processing:

Computer-Based Modeling

^^tificial Intelligence and Computer Research

.

Artificial Intelligence, AI, is a broader field than that aspect

which will be considered in this paper.

In addition to concern with

modeling human problem-solving for purposes of instruction, AI includes
sll problems which can be translated to applications of computer decision-

making.

The goal of many researchers in AI is to develop ways in which

computers can make decisions about problems for which there is little
specific information stored in the computer’s memory.

One example of

non-instructional research in AI is the design of "intelligent" robots —
devices capable of making decisions.

Computer Assisted Instruction.

There is also the domain of CAI,

Although there are many ties between the

two research areas just mentioned and the study of problem solving, we

will concern ourselves only with the work which is related to human in-

formation processing.
As pointed out earlier. Computer researchers often rely on the in-

terview as the source of their data on human problem solving.

Looking

data base,
over sample protocols from interviews conducted as a Computer
two styles were noted.

One is that of a verbatim record of the inter-

other style consists
action between interviewer and subject, while the

18

of the reporting of the essence
of the subject's work.
of these two protocols appear
In later chapters.

Semples of each

Whatever difference

exists between the two may not be
particularly Important, since the

significant episodes were distilled from
the verbatim record, and the

more complete version would continue to
be available, should questions
arise.

Clearly, the important distinction is that
the theoretical

models of these investigators depend largely on
computer-based operating
systems.

To get some idea how researchers may proceed
with this model,

it might be of some value to discuss the methods
associated with repre-

sentative Computer groups.

The Basic Research Model;

Bottom-Up or Top Down?

Bottom-Up” and "Top Down" have become frequently-used bits of

jargon in describing research styles.

Bottom-Up researchers characteris-

tically start with a review of the pertinent data and go on to construct
a theory

which is consistent with that data.

Advocates of the Top Down

approach begin with basic theoretical ideas and devise their initial
hypotheses from the reconstruction or reorganization of those ideas.
Both groups test their models with additional data.

Historically, the Bottom-Up approach was the first to be applied in

Computer research.

Larkin (1978) reports the details of such an investi-

gative style in a recent paper.

Essentially, it hasn't changed much

since an early description in Newell and Simon (1972).
gins with an analysis of interview protocols.

The process be-

Analysis, in this case,

means the sorting out and ordering of the subject's problem-solving procedures in terms which are translatable to a computer program.
puter program which is then developed becomes the model of human

The com-
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Information-processing.

With the development of at
least some skeletal

computer program, the focus of attention
then turns to what Is sometimes called the "test of sufficiency".
In order to meet the terms
of
this test, the program is used to
solve a problem which Is of the same

kind and level of difficulty as the
generative problem; the computer

solution Is then matched against the analyzed
protocols of
subject's solution of the new problem.

a

human

The procedure continues with

program revisions based on mismatches of results
and subsequent tests

with new problems.
If the procedure is reversed in order, the result
is the Top Down

approach.

One detailed version is given in Lenat (1970).

The summary

given directly below is in his words.
1.

2.

3.

Choose some human cognitive activity...
Develop a hypothesis and eventually a theory about what kinds
of information processing could be taking place to produce
such ability.
Incorporate that theory into a computer program which serves
as the model
By experimenting with the program, attempt to find out where
the knowledge is really coming from.
.

4.

.

Douglas P. Lenat "The Ubiquity of Discovery"
International Joint Conference on Artificial Intelligence p. 1095
,

Details of Computer modeling procedures do not seem to fall into
any one natural organization.

This situation may exist because of the

enormity of the overall problem being attacked.

It was pointed out earlier

that, except for Herbert Simon, no one person is known by me to be in-

volved with anything larger than a microscopic step in the total modeling procedure.

For example, one person has devoted his entire energy to

developing a program which deals with one type of physics problem.

The

major elements to be studied as expressed within one of the more diversified research groups, are given in figure

2.

This same figure also

Information ProcesslnR System
Newell and Simon (1972), p. 20)

(from:

Figure

2
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indicates the transmission paths
as viewed by Newell and
Simon (1972).
Each element Is described In the
sections which follow directly.

Receptors and Effectors

.

Receptors and Effectors are the translators
between the environment and the processor.

Their relationships with other
parts of the

Newell and Simon model are shown diagramically
in figure

2.

The terms

are generally used to represent the
input-output devices and have not

been the usual concern of the investigator.

A consideration of these

elements in humans shows them to be directed by
the central nervous system.

Their investigation is therefore left to the
physio-psychologist.

However, this does not mean that Computer investigators
are entirely

disinterested in the way information gets to the processor.

There is

concern for that aspect unrelated to the purely physiological problem.
The line of demarcation between those signals which are merely

translated and those which are entirely processed is not especially
clear.

For example, the primary attraction of the program ISAAC, which

was developed by Gordon Novak (1977), is its ability to accept and solve
a problem just as it is presented in a standard text book.

face,

On the sur-

it may seem to be a simple translator, but it also involves pro-

cessing and memory.

More will be said about this program later.

First Stage Processing

.

The absence of distinct boundaries between the operators described

within the Newell and Simon model may be best understood by examining a
particular program. A flowchart of a program, titled STUDENT and wellknown to the Computer community, makes up figure

3.

»^l

iOo»Ticv:

StA«C»
IttN M*rt
CIOSA.
0* lOlN’ »ll$.

TMfH *Nt
.OiA.

l»t$

rig.

1;

Flowchart

(From Bobrow

of the Student

Program

1964a, page 104)

(From Paige and Simon (1966) p. 60)

Figure

3

tX*’O^S

IO<'«T(Tll5'

OK

23

Although this program is cited in
many psychological research reports. it should be noted here that
Daniel Bobrow. the program's author,
did not intend it as a model of human
problem solving.

Bobrow was

simply interested in developing a computer
program which would solve

algebra word problems.

It was Paige and Simon who saw its
potential

in cognitive theory development.^

Looking at the STUDENT flow diagram, the entire
sequence of steps

between "input and print..." and "print requested information"
represents the boundary between the "processor" and "environment";
hence the

basis for the claim that the limits are not particularly distinct.

This

beginning sequence is entirely devoted to the matter of presenting infor-

mation to the computer so that it is unambiguous.

For the most part,

the translations facing the human problem-solving simulator present much

the same difficulties as those facing the foreign language translator.
In this case, we are concerned with translating "human talk" to

"computer talk".

Word-for-word translating, sometimes called "look-up",

can only serve as a first approximation and must almost always be ad-

justed in order to be usable.

(The recent example of an experienced

translator's conveyance of a carnal yearning for the Polish people in the
place of the brotherly love intended by U.S.A.'s President Jimmy Carter

during a visit to that country in 1978 conveys a clear demonstration of
the potential problems.)

The technique described in Paige and Simon (1972) seems to be one

which most computer researchers apply, at least in principle.
M. Paige and H. A. Simon, "Cognitive Processes in Solving Algebra
Word Problems", In Problem Solving: Resea.xh, Method and Theory Edited
Academic Press, 1966), pp. 56-61.
(New York:
by Ben Kleinmutz.

^J.

,

2A

Although Computer researchers'
Interests are directed strictly
at problem solving, the paradigm reflects
the combined experiences of
problem
solvers and linguists.
Essentially, It Is a filtering process
and proceeds as follows:
1.

2.

3.

4.

Look up that information which lends
Itself to direct translation.
Identify second order translations which are
specific but
common to a specific set of problems (see
Bobrow's reference
to age problem transformations)
Identify "operators" and "things".
Parse information so that it is appropriate to
"computer talk".

It should be obvious that steps 2,

3

and 4 above can always be ac-

complished with an extensive collection of what is called "Domain Knowledge

(specific semantical matches)

,

if computer storage space and pro-

cessing time are not issues of concern.

It is still the aim of the re-

search to make the process as general as possible.

The result of this

guiding heuristic has been the development of programs which not only
solve the problem of translation, but which also match human processing

more closely.
The program developed by the MECHO project in Edinburgh is one ex-

ample of this.

George Lugar and Alan Bundy (1977) describe this work.

They point out that the collection of domain knowledge in physics would

require a tremendously large number of combinations of basic physics
principles.
type schema".

Their solution has been to deploy the concept of "problem-

They use the term "schema" to describe a collection of

specific successful experiences with similar situations which are repeat
able and generalizable.
elements
The schemas found in the MECHO project are made up of four
sub-schema;
The first is the "key" which calls out the appropriate
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typical

keys

in mechanics would be terms
like "pulley", "sliding

block", "fulcrum", and "pendulum".

Second, there is the "declaration";

these are hints which add specificity
to the chosen schema; e.g., the

pulley in a given problem is a fixed one.
tions" and the fourth, "defaults".

The third element is "asser-

The latter schema constituents are

specific pieces of information which are not included
in original data,
but which must be added to reduce the possible combinations
of solutions.
One interesting aspect of this program is that the original
problem
is simultaneously translated and solved.

This is a significant depar-

ture from the Paige and Simon proposed "Bottom-Up" hierarchy of trans-

lation and processing as described in the plan of their human problemsolver simulator, LT (Logic Theorist).^

More Advanced Simulation of Human Processing.
Fred Reif and Jill Larkin were co-workers in a project which attempted to take the best features of the work done by simulators which

preceded them and develop a program which is able to determine when to
be sequential and when to take jumps across accepted procedural steps
in processing.

This group

2

seemed to be using the Simon approach to

the separation of translation and processing, and concentrated its ef-

forts on the latter problem.

Reif's contribution has been to direct the

problem toward experiences with humans which are derived from his teaching of college physics.

The particular data which concerns him are

^Allen Newell and Herbert A. Simon, Human Problem Solving
Prentice-Hall, 1971), p. 40.
Cliffs;

,

(Englewood

in Educa
^The Physics Department and Group in Science and Mathematics
94720.
tion. University of California, Berkeley,
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observations that experts’ approaches
to difficult problems often
begin
with qualitative, global statements and
proceed
to a solution via pro-

gressively more quantitative procedures.^
Jill Larkin has developed a computer
program, currently in the

hand-run

stage, called HI-PLAN which incorporates
Reif's ideas of how

people solve problems along with her own data from
human protocols.^

Using time measurements of expert and novice problem-solving
procedures,
she has postulated a concept called "chunking" to explain
the expert's

tendency to work with packages of steps.

HI-PLAN was written to simulate this "chunking" process as observed
in experts.

Although this simulation maintains

a

hierarchy of goals and

sub— goals, Larkin includes "H— procedures" which operate on basic given

information (Including information from memory) to generate new information.

^

While Larkin has tried to account for the experts' grouping of

building blocks for organizing problem solutions, other researchers have
concerned themselves with other human problem-solver features.

Johan

deKleer (1975) has concentrated on the issue of experts' abilities to
decide when to solve a problem using simple qualitative information.

He

has written an operating computer program called NEWTON which employs a
Human Information
Reif, "Problem Solving in Physics or Engineering:
on October
submitted
Paper
Suggestions".
Processing and Some Teaching
to
be published
solving
problem
on
monograph
21, 1977 for publication in a
Education.
by the American Society for Engineering

^F.

^Jill Larkin, "Skilled Problem Solving in Physics: A Hierarchical Planning Model". University of California at Berkeley, September, 1977.

Hi-Plan
^Paper just cited, (Ibid), includes an abbreviated form of the
particular problem
with its match to the human experts' protocol for a
in physics.
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technique he calls "Envisionment"
to make that kind of judgment.

Al-

though the program is restricted to
dealing with roller-coaster type

problems (e.g., what path will an object
take on an up and down continuous track when released at a given
point), it is nevertheless a

significant first step in the simulation of this
characteristic displayed by humans.

Solving the problem depends on the encoding of
pos-

sible physical events (slide, fall, transform, collide,
fly, stop) as the

object progresses from one "instant" to the next.
ing

NEWTON uses "Envision-

in considering qualitatively what might happen next.

Wlien

ties are found to exist, this process merely identifies them.

ambiguiFor ex-

ample, if an object is now sliding up, it can next continue to slide up
it can begin to slide back down.

The ambiguity is resolved by call-

ing out "Frames" from memory which, in this case, includes quantitative

statements (equations).

deKleer's "Frames" appear to be quite similar

to huger and Bundy's "schemas".

Gordon Novak's program ISAAC (Novak, 1977) was Introduced earlier
as an example of a translator.

Discussion was postponed to this part

of the paper because he used the concept of "frames" to affect translation.

Although the method of solution is not made clear in the article

cited, the program solves the problem and communicates the solution in
terms similar to those found in standard text books.

Novak has extended

the frame concept to what he has called "Canonical Reference Frames".

These frames bring about the first order translation of finitely sized

objects to point masses and vice versa.

^

One example given is the classic

Johan deKleer, "Qualitative and Quantitative Knowledge in Classical
Mechanics". Report AI-TR-352. Artificial Intelligence Laboratory,
Massachusetts Institute of Technology, 1975, pp. 21-3A.
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statics problem cf a n^n standing
on a ladder leaning up against
a wall.
The output Includes a line diagram
of the situation, a statement
of the
problem and the answer.
It has been shown that Computer
researchers have developed proce-

dures for simulating some fairly
interesting aspects of human problemsolving.

But we have yet to discuss the most
sophisticated aspect of

the human information processor;

new or to investigate an idea.

this is the ability to learn something

This challenging problem is the topic

of the section which follows.

Can the Machine Learn Something Really New ?

Reviews of the techniques used by Computer investigators to
simulate
invention, or the learning of new concepts, raise questions about our

basic notions of what invention really is.

vention of the human mind?
centuries.

How "new" is any given in-

Philosophers have pondered this question for

As a beginning to the answer, there have been some interest-

ing successes in computer "initiation" of concepts.

Douglas Lenat (1977) has written
is capable of scientific invention.

a

program called AM, which he claims

Specifically, his program is de-

signed to search for interesting mathematical conjectures and prove them.
The main feature of the program is a collection of heuristics which guide
its decisions about choosing the next most interesting or plausible step.

One sample heuristic:

inverse."

"If 'f* is an interesting relation, look at its

Such a heuristic would allow for the "discovery" of division

if multiplication were already "known".

Starting out with a collection

of 115 core concepts, AM is capable of carrying out a "Job" by operating

on any one (or more) of these concepts with any of its heuristics.

These
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recursive operations can add to the
breadth of concepts if doing so
aids in the completion of the Job.
AM’s Jobs have been limited to finite set
theory and even there it
has blown up its concepts to the point where
its guiding heuristics have

become quite vague.

Vague heuristics do not prevent the completion
of

the Job, but they do result in a serious computational
time problem

which translates to "big" money in a real world of computers.

Addi-

tional programs have had to be developed to deal with this
tendency of
the program to overextend itself.

Presumably, human minds have the ability to learn about "new" situ-

ations

—

sumption.

at least much of our educational system operates on such a pre-

Elliot Soloway (1977) has designed a program capable of learn-

ing the rules of baseball by "watching" games.

Reading about this work

is a refreshing change from the world of finite sets and classical dyna-

mics.

Soloway ’s program starts from a general knowledge about competitive

games, and processes data from successive brief intervals of time to

achieve its goal.

The data is a collection of "snapshots" which are

really like the freeze-frames seen in entertainment television and moviesThe decision-making process has three basic steps.

comparison of the successive "snapshots".

First, there is the

Next, there is the separation

of observations which do indicate a change from those which did not.

For

example, in a "real" baseball game, the right fielder does not move when
the batter hits an infield pop-up.

Finally, the changing events are

examined with respect to the basic competition rules.

An example of the

batter
last step in a "real" game might be the conclusion that if the
at home
walks back to the dugout after spending some time doing things

plate, he had been bested by the pitcher.
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The clearer delineation of
the steps by which invention
and learning programs are Implemented
helps us to at least rethink our
usual
notions of similar processes in humans.
The Implication is that humans
may follow similar routes; l.e.,
these processes in humans rely heavily

on interactions with internal data
storage or memory.

Human memory simulation has not attracted as
much attention among
the modelers as has translation and
processing.

Memory, according to the

popular definition, is that function of the mind
which simply provides
'facts’

to the processing apparatus.

That seems too convenient an ex-

planation to me.
I

am coming to believe that memory plays a much greater role
in

human problem solving than many think it does.

There are rather strong

feelings that more attention should be paid to this development in
'computer' research.

Ira Goldstein

sees this standard posture as pos-

sibly leading to a battle between development of computer effectiveness
and computer efficiency.
Two groups working in Cambridge, Massachusetts, have been testing

programs which are said to be designed to investigate the relationship

between memory ("domain knowledge") and processing in problem solving.
The stated goals of these groups are broader than those just given; these

researchers are interested in producing a product attractive to commercial
and educational interests.

^Ira Goldstein, "The Role of Representation in Research",
letter 58 (1976), pp. 14, 15.

SIGART News-
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The MIT TURTLE^ project has
gained considerable attention
In the
popular press. This program utilises
both mechanical and electronic
(a blip on the Interactive
terminal's screen) "turtles" as
the program,

jer's "slaves".

To operate the system, the
programmer plans

a

series

of simple commands which then
direct the Turtle to execute certain
paths.

The paths so generated, claim the
originators, help the user extract the

principles of geometry.
Other interesting programs include SOPHIE and
BUGGY. ^

The former

is an aid to helping technicians learn
about repairing electronic cir-

cuits and the latter serves to identify possible
reasons for errors in

solutions to arithmetic problems.

Although the specific program he discusses is not identified as
SOPHIE, J.

S.

Brown and others (1977) provide us with the theory behind

such programs using the operation of an electronically regulated power

supply
The first step is to employ "deep structure trace" analysis on the

circuit.

The result is a breakdown according to component functions

(regulating elements, e.g.) and likely electronic configurations (Darlington transistors).

The learner interacts with this program primarily by

identifying the particular components which perform a given function.

Having done so, the device can be repaired according to its specific malfunction.

This program involved more than mere right-wrong interaction

Andrea A. diSessa, "On Learnable Representations of Knowledge: A MeanLOGO Memo No. 47. Artificial Ining for the Computational Metaphore".
of Technology, 1977, pp.
Institute
Massachusetts
telligence Laboratory,
25-31.

^Ira P. Goldstein and John Seely Brown, "The Computer as a Personal AssisA revised version of testimony prepared by the
tant for Learning".
authors for Congressional Hearings. October, 1977, pp. 4-6.
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between the student and computer.
tions or hints for continuing.

User responses can generate
new ques-

Hence, the general appellation
of PAL:

Personal Assistant for Learning.
These heavily memory-oriented projects,
based on computer applications to selected business and
educational problems, have already had

significant Impact on the greater problem of
understanding human factual
recall processes.

Summary and Conclusions Regarding the Computer
Model

.

The researchers associated with the development of
cognitive theory

through Artificial Intelligence are indeed a diverse group.

Some rely

on protocols of human problem solving as the base of program
development,

others build on generally accepted "principles".

versus

Storehouse" debate:

Then there's the "Power"

do we want more intelligent programs or are

we more interested in manipulating large amounts of information more ap-

propriately?

Watching PAL-type programs in action is quite impressive.

Electronic

technicians can probably learn to troubleshoot systems more effectively
after an encounter with SOPHIE, and learning geometry is facilitated with

TURTLE Geometry; but because of the cost associated with their implementation, use of such programs is still limited.

The work accomplished by the "simulators" is probably the least im-

pressive to the outsider.

The simulation programs reviewed are really

quite limited in application.

We must not overlook the significance of

identifying processing tasks which are difficult for the machine; these
tasks might be difficult for the human also.

The human problem-solver

has been shown to be a marvelously flexible machine and this flexibility

33

of function has proven to
be difficult to build into
computer programs.
A clue to the future of the
Computer Is found In a recent
article
on problem solving theory by
Dorothea and Herbert Simon
(1978).
Bearing mind that Herbert Simon is
considered a pioneer in Computer
research,
this recent article proposes a
hypothesis about problem solving with
no

mention whatsoever of the need to generate

a

confirming computer program.

The focus of this article is a problem
which the authors describe as

real world”.

This is the type of problem which proponents
of the clini-

cal interview-based model of problem solving
feel stymies the Computer

researchers, but which can be investigated using
Clinical modeling techniques.

The methods used by this latter group of researchers
to investi-

gate various classes of problems form the theme of the
next section of
this chapter.

The Clinical Approach to Cognitive Research

The Clinical Style

.

This model, dubbed the

’'

Dynamic Structural Model ” (Easley, 1977),

involves a data collecting system which is similar to that used by the

Computer modelers and includes as its basic elements, the interview and
the resulting protocol.

•

The use of the data in the construction of a cognitive process model
is altogether different from that in the Computer approach.

In general

terms, it has evolved from the prescription originally set by Piaget
(1929) in that peer concensus in the analysis has become an important

factor, but there is continued reliance on the constructionist view of

knowledge.

3A

The Model building aspect of
this approach will be discussed
later.
First, let us look at the data
collection process.
Since this approach

can be thought of as a way to make
sense of the variety of strategies

employed by real people as they proceed
through their own cognitive
processes, the interview provides the most
insight if it is open-ended.
An interesting term which might be used
to describe the underlying tenor
of this style of interaction between
subject and experimenter is "jam

session".

To the devotee of jazz music, "jam session"
connotes a sen-

sible, but nevertheless spontaneous, interaction between
instrumentalists.

Easley (1977) uses this phrase as a descriptor of a person's
cognitive
processes, but it is a useful guide in perceiving the interplay between

interviewer and subject which is an important characteristic of the
clinical interview.
The archetype Clinical researcher is the Swiss psychologist Jean

Piaget.

The methods of his data collection have been altered over the

years in recognition of an over-reliance on language skills in the

earliest forms of the questions, but a comparison of the guidelines taken
from one of his earlier works with those given in a recent interview

show much the same philosophical bent; the change was discussed in

Opper (1977).
It is my understanding that the Piaget interview paradigm has the

following features.

First, interviewer participation is characteristic-

ally non-suggestive at the outset but probing at the end.

Second, the

opening question or problem is carefully planned, but the experimenter
is free to rephrase it,

should it be thought appropriate.

Third, the

questions involve things to be manipulated, whenever appropriate, and
are phrased in language appropriate to the subject.

Lastly, as the
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interview progresses, the
experimenter may raise additional
questions
in order to test hypotheses
which evolve as a result of
the subject's
response.
A sunnnarizing phrase which might
be used in describing

Piagetian interviews is, "questioning
in an adaptive manner".

Thus,

it is not difficult to understand
that Easley (1977) describes this

Piagetian style of interviewing as one
which requires extensive training
and experience.

The Research Interview;

An Introduction

.

Since the chapter which follows describes my adaptation
of the

Piagetian Interview in considerable detail, the material
presented here
will be restricted to the main points primarily to place
the current

computer-clinical discussion in a more reviewable light.
As far as specific style is concerned, a review of interview guide-

lines in use by various Clinicians reveals a wide divergence of requirements.

A prototype of the interview at the liberal extreme of interviewer

involvement is that followed by a research group looking into gains which
students themselves perceived as the result of a year in college.

As in

the case of the Piagetian investigations, the opening question was care-

fully planned, but the remainder of the interview required little constraints.

Except for being unable to rephrase the opening question, the

experimenter was free to interact in just about any "natural" fashion.
This interview style does not lend Itself readily to cognitive process

modeling at a detailed level and does not seem to be practiced by many

^Herbert Ginsburg and Sylvia Opper, Piaget's Theory
2

,

p.

96.

William G. Perry Jr. Forms of Intellectual and Ethical Development in
Holt, Rinehart and Winston,
(New York:
A Scheme.
the College Years.
1970).
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Clinical researchers.

The reasons will be given later
in this chapter.

Turning next to the extreme opposite
of the style just described,
one finds those interviews in which
interviewer participation is highly

prescribed.

These are more closely connected with
Computer research

than they are with Clinical research.

This interview style will be dis-

cussed first, because it provides the reader
with an awareness of alter-

native approaches to the freer style of the
Clinician.
Ericsson and Simon (1979) provide us with a good
sampling of supportive research activities in a paper prepared to
promote interview proto-

cols as a data source in HIP^ model building.

Typically, experiments

reported involve the measurement of the elapsed time associated
either

^ith reactions to certain stimuli or completions of a simple task.

The

author went on to compare the data generated from such experiment with
that gathered from interviews (they called them "retrospective verbal

reports").

Their conclusion was that the two provide comparable results

when the involvement of the interviewer is carefully spelled out as identified by their "Model

2

procedure".

2

This procedure as described is

characterized by the following interventions.

First, the interviewer

may offer encouragement of verbalization concurrent with

a

subject's in-

formation processing for a given problem, with comments limited to the
likes of, "Please think aloud".

Secondly, the interviewer may get in-

volved with the broadening of the description of a certain action, but

^Since the phrase. Human Information Processing, appears so often in discussions such as this one, I use the acronym HIP in place of that phrase.

Ericsson and H. A. Simon. "Thinking-Aloud Protocols as Data".
C.I.P. Working Paper No. 397. Department of Psychology, Carnegie-Mellon
University, January, 1979.

^K.

A.

37

this may be done only with the
use of the subject's own words.

The Ericsson and Simon paper makes
it quite clear that the second

level is not aimed at eliciting an
ej^lanation of the subjects' actions
or statements.

The authors are convinced, citing specific
studies to

back them up, that the requirement to provide
explanations influences
subjects' processing in subsequent tasks; they are
able to complete
these tasks in fewer steps or in shorter times.

Considerable weight

can be attached to the authors' conclusion if one
takes into consideration the involvement of one of the co-authors, Herbert Simon,
in just

about every aspect of cognitive process research.^

Recordkeeping for the purposes of preparing an Interview Protocol
varies considerably among researchers.

Some use audio or video recording

devices while others use an observer who takes notes on the interview
proceedings.

Styles of protocols vary also.

By and large, protocols

include as much information as the investigator deems appropriate to the

discussion of a model.

As in any scientific report, evidence which con-

tradicts the model cannot be omitted.

The easiest, though in some cases

long-winded, way to produce a protocol is to provide the verbatim transcript of the interaction (dialogue, body-uses, diagrams generated, etc.).

When such a complete record is provided, the arguments in the analysis
are easier to confirm.

Clinical researchers would be happy to follow the guidelines described by Ericsson and Simon if the information provided by the subject

^See Newell and Simon (1972), Paige and Simon (1966), Simon and Simon
in this
(1978) and Ericsson and Simon (1979) which have been referenced
There are others.
paper.
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was determined to be complete.

Such a limited Interviewer
Intervention

would certainly make for a simpler
task in analyzing Interviews.

The

action which clearly places the clinician
over the separating line between Intervention and non-intervention
is the willingness to get more
involved with subjects.

^e

Piagetian Model of Cogn i tive Processing

.

(A foundation for the

clinical model)
It was pointed out earlier that Computer
models are based on the in-

teractions between translation, processing, and memory.

Data from sub-

jects, when included, comes from interviews in which there is
minimal non-

subject involvement.
If one wished to characterize the Piagetian model of knowledge with
a brief phrase,

the known.

it might be:

The following,

dynamic interaction between the knower and

taken from a news-reporter’s notes and pre-

sumably the words of Piaget, appears to describe Piaget’s model concisely.

"Knowledge is not a copy of reality. To know an object, to know an
event, is not simply to look at it and make a mental copy, or image,
of it.
To know an object is to act on it.
To know is to modify,
to transform the object, and to understand the process of this
transformation, and as a consequence to understand the way the object is constructed. An operation is thus the essence of knowledge:
it is an interiorized action which modifies the object of knowledge.'
Jean Piaget, reported by Frank G. Jennings in
The Saturday Review May 20, 1967. pp. 81-83
,

The phrase, "Cognitive Construction", is often used to refer to a

person’s own mental picture of some reality; clearly, as indicated by the
statement just cited, a "cognitive construction" is not a "cognitive copy"
The difference between the two makes up a significant part of the Klaus

Witz representation given in figure

4

and discussed in the next section.

39

The suggestion that the knower
gradually comas to '•knoW
something
period of time, through a process
of interacting with various
situations which Involve the "physical
reality". Is also an important
aspect of Plagefs theory.
The notion that the process Is
personal,

ongoing, dependent on prior knowledge,
and not Instantaneous, sets
the
model In point clearly apart from the
behavlorlst theory which describes

this same process as the formation of
a copy of the event or idea.

If

one holds that the knower can only attain
a mental construct of something

physical (which Is always unique to the Individual)
that person is said
to be a Constructivist.

Piaget

s

theory includes a neuro-physiological growth component.

In addition to being associated with different
encounters with the same

physical reality, the broadening of cognitive constructs in children
is
said to be a function of the biological development of the person's
neuro-

logical structures.

This biological process, called "kinetogenesis" in

Inhelder and others (1974), results in the formation of schemes.

Briefly

described, schemes may involve one or more' constructs perceived as being
tied together in some sort of relationship; schemes may be organizations
of images or they may be operations.

The process of interaction between the person's mind and reality

contains two important sub-processes.

The term "assimilation" is used

to describe the incorporation of a new event in terms of existing cogni-

tive structures while "accommodation" relates to the change of existing

structures as the result of the incorporation of a new event or ideas.
The dynamic process of assimilation-accommodation, then, provides for
the development of the "schemes".
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HIP, as modeled from
limited individual protocols,

since researchers
using this approach lihe
to think of their modeling
as 'data-driven”,
the protocols Include a lot
of detail-encompassing
verbatim dialogue,
as well as records of pauses
and body movements (mostly
eyes and hands).

Klaus Witz can be credited with
the basic diagrammatic
representation of
Short term HIP; and the "wavey
line” diagram from Witz
(,975) making up
figure 4, has been used as the
basis for modeling by several
other people
in the field.
.

One of the more experienced and active
researchers is

A.

J.

Jr., who is a colleague of Witz at
the University of Illinois.

become a major spokesperson for the clinical
approach.

Easley,
He has

His fairly com-

prehensive paper (Easley, 1977) comparing his
adapted method with six
other widely-used ones was cited earlier.
Witz

modeling is shown in figure

5.

An example of Easley and

This diagram embodies and identi-

fies many of the issues which concern clinical researchers.

Specifically,

what is shown here is the modeling of HIP based on the
protocol of an
interview.

The topic of the interview was the investigation of a classi-

cal Piagetian conservation task:
in shape.

conservation of quantity with a change

An important feature of this figure is the separation of cog-

nitive structures and observable behavior with the "wavey line".
to be noted are the time element,

Also

the layering of the cognitive struc-

tures and the tie between specific observables and specific cognitive

elements.

The process of internalized reactions is made explicit in

the boxes found within the cognitive structure representation, which

include the double-headed arrows.

Realm of Cognitive Structures

individual that are evidence
that structure A may be involved"^

>
TIME

General Paradigm (After Witz (1973))

(Taken from:

Witz and Easley (1975))

Figure

4
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Gvnaral

(From Easley (1979).

Figure

5
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Other Significant Clinical HIP.
The person who coined the
phrase, "a single picture Is
worth a
thousand words" never cet Rosalind
P. Driver.
Her diagrawmlc representation of the system of HIP taking
place between a teacher and a
stu-

dent Is shown In figure

6.

The discussion of the HIP represented
in

this diagram, as found In her thesis,
goes on for several thousand words.'

Plainly, such a model is extremely complex
and sophisticated.
It is not the intent of this paper
to dissect such complicated re-

presentations, but it is important to demonstrate
that Clinicians have

developed fairly complex representations which rival
computer programming
in terms of the requirements of detailed modeling.

Fortunately, the re-

presentational language is becoming somewhat standardized.

The papers

generated by John J. Clement at the University of Massachusetts,
in which
student conceptions of physics problems are modeled, make extensive
use
of the Driver conceptualization of the cognitive structures establishing

relations.

Thus,

the diagram shown in figure

7

represents the way in

which a subject may comprehend and predict the total distance which an
object will travel using conceived notions of the effect of its mass. 2

Although it may seem as though the models and diagrams just described
are associated with individual creators, their development is often the

result of the work of several colleagues.

During discussions, an attempt

is made, among trained people familiar with basic theoretical constructs,

^Rosalind P. Driver, "The Representation of Conceptual Frameworks in
Young Adolescent Science Students", (Ph.D. Dissertation, University of
Illinois, Urbana, 1973) pp. 70-73.
2

John J. Clement, "Mapping a Student's Causal Conceptions from a Problem
Cognitive Development Project, University of MassaSolving Protocol".
chusetts in Amherst, April, 1978.

I
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Fig.
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I

Fig. 2

Moximum
speed

Fig, 3
(I2q)

Fig 4

going"
(

"Momentum")
[from Clement (1978)]

Figure

7
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arrive at a consensus that the
sK>del Is a valid
representation of the
system.
If, for example, a
counter-suggestion Is made to a
targetsubject, hy the Interviewer, the
model must Include the likeliest
effect
of such an action and this effect
must be accepted In the consensus.

Summary of the Clinical Style

.

The clinical approach to HIP may well
be characterized by the phrase,

"data-driven".

Such a phrase implies that researchers
subscribing to this

method feel a greater concern for modeling
all of the observed behavior of

re^

subjects over a period of time.

There is a tendency to avoid worry-

ing about representativeness when discussing a
particular protocol; the

attitude is one of saying, in essence, that such and such
a person is a
real member of the group being investigated and that his
behavior must,

therefore, be accounted for!

Interview styles may vary, but Clinicians

as a group are considerably more open, both in the questions asked and

the extent of intervention, than their Computer colleagues.

It is also

worth noting that attempts to extend models to the population— at— large
are absent, as in most case study— oriented approaches.

In terms of model

representation, the Genevans seem to be more oriented toward essay and

language-bound models of explanation, while the U.
here communicates extensively with diagrams.

S.

group discussed

The latter models appear

to me to be much more explicit.

Conclusion Regarding Model to Be Used

.

If interviews do indeed provide accurate data about cognitive pro-

cesses, then the clinical approach allows for the broadest interpretations
of that data.
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Models of remembering, and problem
level-of-dif f iculty assessment
are two areas of Computer research
which even Clinical investigators
consider to be impressive contributions
to our understanding of cognitive processes.
Existing encodings of data storage,
sifting, and retrieval work so well for computers that
many view those algorithms as

workable model for this aspect of HIP.

a

As already stated, the very fact

that it is difficult to encode a computer to deal
with particular types
of problems,

is useful in predicting problem types which
humans find

hard to handle.

A possible weakness of the Computer approach is that

it constrains the modeling to the processes of the
investigator and, to

some extent, the state of computer programming.

For example. Frames

seem to be the vogue among Computer researchers and it appears as though
there is a tendency to utilize this programming device in the modeling
of HIP.

It is my contention that such a premise places constraints on

the breadth which one is willing to allow in the modeling process.

cians, on the other hand, are not so constrained.

Clini-

Their modeling, not

dependent on a particular technology, rests upon demonstrating the ex-

planatory power of a particular cognitive model.
My own position is that, although

I

recognize the uniqueness of a

given subject's overall constructs, research for educational purposes
must be directed toward exploring both the uniqueness and universality
of methods used by people in information processing.

The Computer people have not really successfully modeled discovery
and inventiveness in a general way, and they are the first to admit this

limitation.

Such problems are really not considered barriers to the

Clinicians, but what is a major problem is the testability of their
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models because of the small numbers
of subjects Investigated.

Given a choice between the problems
associated with either limitation, it seems preferable to restructure
some of our Instructional modes
so that the more Interesting, albeit
unique, human Information process'

ing data is taken dnto consideration.

CHAPTER

III

METHODOLOGY II - PARTICULAR FEATURES
OF THE CLINICAL INTERVIEW
In the preceding chapter, the
Clinical Interview was presented as

the basis for developing cognitive
processing models.
I

In this chapter,

shall describe my particular adaptation of
the clinical interview as

practiced in the course of

investigation.

My approach was based, in

part, on principles practiced by clinicians
such as psychiatrists and

psychologists, who interview people for a variety of purposes.
quently,

I

have included information about some standard practices
used

in psychiatrist/psychologist-client interactions.

the basis for other adjustments

views

Conse-

I

1

shall also discuss

have made to standard research inter-

.

Perhaps it is best to begin by discussing the psychiatric interview,
since it is looked upon as the archetype of the clinical interview.

The

form of the psychiatric interview has evolved considerably since its in-

troduction by Freud, and the affection which modern psychiatrists feel
for its usefulness is indicated in the following comment made by a pro-

minent psychiatrist to a group of fellow practitioners.
"It is the interpersonal events and the pattern of their course
which generate the data of the interview; that is, the interviewer experiences the ways in which the interpersonal events
follow each other, what seeming relationships they have to one
another, what striking inconsistencies occur, and so on. Thus,
the data of the interview may come, not so much from the answers
to questions, but from the timing and stress of what was said,
the slight misunderstandings here and there, the occasions when
the interviewee got off the subject, perhaps volunteering very
important facts which had not been asked for, and so on.

Henry Stack Sullivan, The Psychiatric Interview

,

p.

So we are told by Sullivan that the psychiatric interview is more

than a matter of allowing expression to a client.
50

Such an Interview is

54.

51

da^; data which can

a source of

theoretical model of

a

be used for the construction of a

client's emotional make-up.

He also states

that in order to be of maximum usefulness,
the data must Include ob-

servations of body language, as well as verbalizations.
The process and its significance, as described by
Sullivan, is not
far different from the clinical Interview used in my
research of cogni-

tive processes.

To see more clearly the differences and similarities

between psychiatric and clinical research Interviews,

it might be well

to consider the data from a clinical Interview which really took
place.

This data will also serve as

a focal

point from which the positions, as

taken by various cognitive process researchers, on the possible inter-

viewer roles may be reviewed.
The dialogue records to be discussed, referred to as protocols,
are arranged so that Protocol
up figure 9.

features.

I

makes up figure 8 and Protocol II makes

The form used to prepare these protocols has the following

First, they are being presented unedited.

Whenever the pre-

parer feels that some explanatory remark would be appropriate in adding
to the meaning of a statement,

such remarks are placed in parentheses.

It will be noted that phonetic spelling of words appear in the verbatim

statements.

This is done to represent the speaker's words as faithfully

as possible.

Looking over Protocol
view.

I,

the record is undoubtedly that of an inter-

One person asks questions or presents problems, and another person

responds or reacts.

It is also true that this interaction has clinical

characteristics, as described in the previous chapter, in that the flow,
adaptive
which is the matter of deciding what is done or said next, is

r
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as opposed to the predetermined
sequencing found in controlled
experimentation.
But the £liElcal interview,
as used in research and
particularly as used in research of
cognitive processes, has some very
special
characteristics.
At this point, it is probably a
good place to introduce
a useful definition.
Whenever the phrase, "Clinical Interview",
appears
in this thesis, it will refer to
the version used in researchine cognitive

processes

.

A similar intent may be assumed by referring
to the practi-

tioners of the "Clinical Interview" as
"Interviewers" or "Clinicians".

Identifying Characteristics of Clinical Interviews
Even within the community of people who have identified
themselves
(and each other to a large extent) as Clinical
Interviewers, there is

some disagreement over the form which the interview may take, but we
will

begin here by calling attention to the common features.

Although the clues which it provides are not always definitive, the
opening question which is presented by the interviewer often serves as
the principal identifier of the Clinical Interview.

A phrase which

I

consider appropriate to use as a first order separator of question types
is "degree of suggestiveness".

Because questions which are too sugges-

tive simply do not yield enough data, there is a tendency to avoid their
use in Clinical Interviews.

Intervention

.

Secondly, there is the matter of interviewer

Most Clinicians are willing to Intervene in some way, but

when such an action is taken, there is always concern that the interaction
be kept open in terms of what may follow.

There are certainly other identifiers but the two just given are

clearly the important ones and as such will be used as a base for reviewing interview types and styles.
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PROTOCOL

I

Investigator:
Subject:

author of this paper

College Life Science major enrolled
in second semester of a

standard physics course for such majors;
also currently enrolled in second semester of calculus
(summer school)

Record of interview:

7/20/78; Record:

Video

//F-A;

Counter 851-900

(The subject is handed a piece of paper on
which this problem
is written:

"An object starts from rest at

city is given by v = 2.5t.

5 =

0.

Its velo-

What is the acceleration?"

He is

asked to read it aloud.)
01*

S:

...and its velocity is given by v = 21/25, what is its acceleration... ok so you know v = 2.5t (writes down v = 2.5t on
paper) and you want to find out 'a' (writes a = ?)..wait a
minute.. 2 point. .that's just a ratio (questioning tone).
.

02.

I:

No,

that's an equation describing the velocity.

(Long pause while subject looks down on paper.)

03.
04.

S:

Velocity is

05.

I:

Right

2

1/2 times t.

(Subject moves eye attention back and forth between paper on
which problem is written and sheet of paper on which work on
problem is being done; taps on paper.)

06.

07.

S:

Ok.. urn.. what I would do now is just try to figure out the equation that we can get these numbers to fit into so that we can
solve for 'a'.

o 00

I:

Alright.

09.

S:

(Writes the following on paper and says it aloud.)

10.

S:

solve for 'a' is equal
So I think its 'v' is equal to 'a t'
to...'v' over to 't'...then if you know 'v' is '2.5t'...put v
over ’2.5t'...Ok, that's just a ratio... then you could plug any
but no matter if you put any number in
number in and then we
then this fraction (rethere then it's going to be dif f erent
(At this point
ferring to v/2.5t) would turn out dif f erently
.

.

.

.

subject's paper is as follows:)
Figure 8

.

.

54

V = 2.5t
a =

?

V = at
a = v/t
=

v/2.5t

11.

I

(pause of

12.

S

Okay.

13.

I

You have done some work with calculus.

14.

S

Yuh.

15.

I

Ok... now see if you can apply what you know about calculus.,
calculus processes to this particular problem. .maybe instead
of looking at what you have on the board .. reread the problem
and see if that helps you.
(Subject turns attention back to
paper on which problem is written for about 15 seconds.)

3

seconds) Let me give you a hint.

.

16.

S

An object starts from rest at t = 0.
Its velocity is given by
V = 2.5t. What is the acceleration.
(Eye attention goes back
and forth between problem statement and work pad for 15 seconds.)
I think what you were hinting at was to integrate this equation...
would it be?
(Looks at interviewer.)

17.

I

I don’t know.
I’m just suggesting that maybe you might use some
calculus. You can (laughing) do that any way you want. I’ll
leave that to you.

18.

S

Ok.

19.

I

(Interrupts)

20.

S

I

21.

I

When do you do which?

22:

S

I

I
.

.

’

11 see ....

don’t know.

Why did you choose integration?

You can integrate it or you can differentiate.

don’t know (laughs)

.

.never did the calculus in this.. part.

Figure 8 (continued)
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^otocqj

Is this a Clinical Interview?

I;

If a study is to be conducted,

ti seems reasonable that any
inter-

view should be begun with some definite
question or problem for the subject.

Consider the question given in the parentheses
at the beginning

of the sample transcript being referred
to here.

question?

How suggestive is this

How suggestive should it be?

The best answer to these two questions is another
question:

does the investigator want to use the results for?

What

If the investigator

is looking for responses which can then be surely sorted
into four or

five categories, this question would probably not be suggestive enough.

Attention is called to the phrase,

"

..

Its velocity is given by 2.5t..."

When compared to the statement, "Its velocity in meters/ second is given
by the equation v=2.5t when ’t* is measured in seconds ,'* the version as

used is quite non-suggestive and as such should fall within the usual

boundaries set for Clinical Interviews.

Although the term "suggestive-

ness” certainly indicates some degree of openness, it does not translate
to "total freedom".

The subject should not be made free to discuss or

work on anything he wishes.

There must be constraints, and the definition

of the boundaries which delimit the subject's freedom is one of the most

Important decisions to be made by the investigator.

Suggestiveness was unquestionably an issue of much concern to Piaget
as evidenced in his earliest writings.

The validity of such a concern is

demonstrated in lines 01 and 02 of Protocol

I.

It will be noted there

that the subject conceives of the relationship between 'v' and '2.5t' as
as
a 'ratio' while the interviewer had preconceived the same statement

an 'equation'

The difference between these two perceptions could indeed
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be significant to the modeler of
the subject's cognitive processes.

It

is quite possible that if the
investigator had built his preconception

into the question by using the sample
in its contrasting form, (...its

velocity in meters/sec is given by the equation
v=2.5t when

't'

is mea-

sured in seconds), the 'ratio' conception might
never have been noted.
Of course,

the contrasting form of the question does not
preclude con-

ceptions other than those of the investigator, but it
certainly predisposes the subject's response, thus making analysis more
complicated
or open to question.

Consequently,

I

view the clinical interview as

a

mechanism which at

least permits non-standard or non— anticipated responses.

Such a possi-

bility is clearly less likely with the frequently-used multiple-choice
response questionnaire.

Setting the remainder of the sample interview

aside for the time being,

I

would like to pursue the matter of the style

and content of its opening.

Structuring the Opening Question

.

Although the claim was made earlier in this discussion that the
clinical interview as a research tool is patterned after that established
in psychiatry, the non-suggestive aspect of the client-counselor relation-

ship is not always explicitly prescribed in treatment guides.

A review

of one text^ oriented toward the preparation of clinical psychiatrists

reveals a greater interest in "managing" the interview than in techniques
of non-suggestiveness

.

Proper "management" is a matter of ensuring that

(interviewer) has
the client talks about matters which the therapist

Psychiatri c In terview in Clin l
^Roger A. MacKinnon and Robert Michels, The
W. B. Saunders, 1971), p. 52.
cal Practice (Philadelphia:

u

II
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deemed appropriate.

Of course. Clinicians are also
interested in setting

the direction of the interview, but the
intent, and therefore the parti-

cular managing technique, is quite different.

The major concern of the

therapist is often some form of intervention in the
client's thought

processes while the Clinician is primarily interested in
the content of
those thought processes.

A survey of the psychiatric management suggestions reveals that

many are either non-suggestive or, at least, non-directive and can be
used in Clinical Interviews.

For example, recommended openings of in-

terviews range from, "What problem brings you here?" to, "Begin anywhere

you llke",^ the choice appearing to be more connected to the willingness
of the interviewer than the need of the client.

On the same page where

the reader is exhorted, "The most important function of the interviewer
is to listen and to understand the patient in order that he may help...,"

MacKinnon also points out that the Interviewer is also free to ask questions like, "Did you ever tell your boss that you felt you deserved a

raise?"

2

which suggests permission to go ahead and do just that.

ambiguity toward suggestiveness appears throughout the book.
possible that the difference may be explained by

a

This

It is quite

consideration of rea-

sons behind the counselling interview and the Clinical Interview.

There

is little question that the primary concern of the psychiatric version is

form the focal point
the person at hand, and the needs of this individual

Interview in Clinl
^Roger A. MacKinnon and Robert Michels, The Psychiatric
52.
W. B. Saunders, 1971), p.
cal Practice (Philadelphia:
^Ibld.

,

p.

35.
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of the Interview.

The application of the clinical
interview in this

Study is intended to be broader.

Expectedly, there is disagreement among
psychological counsellors

regarding the structure of interview questions.

Alfred Benjamin, another

recognized expert in the field, feels more strongly
about non-suggestlve
invitations to talk than MacKinnon does.^

As a testament of his belief,

his book includes an extensive collection of specific
examples of cor-

responding

open" and "closed" questions, his preference for the open

versions being quite obvious.

Some of Benjamin's suggestions could be

applied to the sample interview presented earlier.

Structuring in Follow-Up Questions

Returning to Protocol

I,

.

the response in line 02 turned out to be a

statement which made the original question more suggestive than intended.
One cannot help but wonder what might have happened had the interviewer

responded as follows:

"Is that the way you see it?" or "I'm interested

in your perception, tell me about that."

It seems possible that these

questions would have elicited responses which might have been more interesting than the ones reported in the remainder of the protocol.
Concern for knowing how suggestive an interviewer ought to be in a

given situation cannot end with the opening question.

It is, of course,

possible to end the interview upon the subject's clear indication that
he has given his all; such an action would represent complete non-

intervention.

Going to the opposite extreme, the interviewer can respond

^Alfred Benjamin, The Helping Interview (Boston:
pp. 62-66.

Houghton Mifflin, 1969),
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to each subject remark with
some personal evaluatlen of the
goodness or

appropriateness of what was said.

Although technically not a question,

total Interviewer Inaction at the end
of some interviewee response can
be viewed as a form of "I haven’t
heard enough from you yet.

tell me more?"; this Intervention,

(It

Is actually non-intervention)

the most non-suggestive form of a probing
question.

"I don’t think that you are right.

Can you
Is

On the other hand,

Can you think of some other answer?’’

is obviously both judgemental and suggestive.

Neither extreme is very likely to be used by Clinicians.

These op-

tions nevertheless serve as useful opposing endpoints for
considering
the various options to the inteirviewer which may be conveniently
organized

according to their place in what may be thought of as a continuum.

In the

section which follows directly, various levels of interviewer interventions will be discussed and more examples of various open (or closed)

questions will be presented.

The Intervention Continuum

The Non-Intervening Interviewer

.

Of all the options available, total non-intervention is the least

likely to be used.

All of the interviewers cited thus far imply that the

expansion of the subject's response is one of the foremost strengths of
the clinical interview.

this purpose.

An action of non-intervention would contradict

Unless the subject is unable to write, much of the informa-

tion gained by non- intervening could be gathered more efficiently in written form.

Yet,

this interview format has some value, in that information

a written
about body movements and tonal inflections cannot be found in
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response.

The quotation cited earlier from
Sullivan (1954) specifically

refers to the usefulness of the non-verbal
aspect of the Interaction between an interviewer and a subject.

Value Judgments on the Part of the Interviewer: The
Opposite End.
Value judgments are often made without the realization of
the interviewer; they just
02,

17 and

slip out"!

In Protocol I, responses recorded in lines

19 could be considered value-judgment responses.

Guidance re-

garding the usage of such responses is found in a paper by Sylvia Opper

describing Piaget's style of the Clinical Interview.
"The interviewer must refrain from trying to elicit what he
believes to be the correct or desirable answer, but must note
what the child says and does as objectively as possible."
Sylvia Opper, "Piaget's Clinical Method",

There is concern for this issue in the psychiatric interview also.

p.

97.

In a

section titled "Authority Leads and Responses," Benjamin makes it clear
that responses such as these make for an interviewer-centered rather than
1

an interviewee-centered interaction.
In addition to the out-and-out value- judgment responses which are

exemplified by remarks like, "You are wrong!," there is the more subtle

expression of a remark which the subject may interpret as "I (the interviewer) have a better way than you have just expressed here."

Elsewhere

in his book, Benjamin defends the use of the latter kind of response in

established
the psychiatric interview, if a peer relationship has been
imagine such
between interviewer and interviewee, but it is difficult to

an application in the Clinical Interview.

^Alfred Benjamin, The Helping Interview
^Ibid., p.

143.

,

2

A device called the "counter-

pp.

143-155.
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suggestion", and used by many Clinicians,
la sometimes considered to
be
dangerously close to being a value-judgment
response. The special characteristics of this device warrant special
treatment and more will be
said about this later.
It may be that much of the concern over
the use of subtle value-

judgment responses in Clinical Interviews is related
to the Piagetian

method of investigating cognitive processes.

Piaget's work includes con-

tinued reference to what he earlier labeled "liberated
convictions" and

suggested convictions".

Liberated Convictions are those ideas which

are developed as such within the mind of the subject and which
are then

merely freed by the interviewer.

Suggested Convictions are ideas which

be tied to the influence of some external force; it may be that the

subject had either no preconceived idea on the question or a preconceived
idea which he did not wish to share and was therefore simply saying some-

thing to satisfy the interviewer's need for a response.

lining of the word, "may".

Notice the under-

This was done to point up the uncertainty of

subject remarks which are thought to be suggested by the interviewer.

Cognitive process modelers become uncomfortable when dealing with protocols in which concepts are not clearly identifiable in terms of the source.

Even if the interviewer is convinced that his responses should reflect
a

willingness to "accept" virtually any subject statement, the demonstra-

tion of this conviction in an actual interview does not always follow.
The interviewer response to the subject's questioning tone recorded in

line 01 of Protocol

I

is an example of this contradiction.

The question-

appraisal
ing tone suggests that he was seeking some sort of authoritative
of his tentative idea.

Such situations are apparently not uncommon.

^J^an Piaget, The Child's Conception of the World

,

pp.

14-15.
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One Clinical researcher. In
dlacuaslnR the methodology aet
up for a
study Involving college students,
tells us that the team directing
that
study decided to deal with the matter
of Interviewer Involvement a,
an
appraiser of Ideas In a carefully defined
way.
In the case of this study,

each Interviewer began with the same
premise:

the Interviewee wants to

know why he or she Is being Interviewed;
the person being Interviewed la
Interested In knowing something about the problem
under study.

Certainly,

an appropriate Interview strategy had to
be available to deal with such
a display of Interest.^

The overall Interview process was also changed somewhat.

The change

involved making the interview question more suggestive than
originally
planned.

The new strategy was one of providing the Interviewers with

prepared statements designed to openly resist the subject’s efforts to
force the interviewer Into

a

more authoritative role.

One example given

of such a statement Is the following:
"It would be better for us both to feel a bit awkward and just
take our time, if we can bear It together."

William
In essence,

G.

Perry Jr.

Forms of Intellectual Development

the Interviewer was telling hls subject,

tell you any more than

I

,

’I’m sorry;

p.
I

20.

can't

already have; you’ll have to decide for yourself

what kind of answer I’m looking for!’.
There is a strong possibility that Interviewer appraisals are asso-

ciated with a genuine concern for the subject’s emotional needs.
haps, the interviewer is trying to be helpful or kind.

Per-

Since the people

engaged as research interviewers have often also had some experience as
^William G. Perry, Jr., Forms of Intellectual and Ethical Development in
Holt, Rlnehard and Winston,
A Scheme (New York:
the College Years:
1970), p.

18.
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teachers, we should leave this issue
for the time being with Jean
Piaget's
commentary about the likely reason for
the problem In the first place.
"It Is so hard not to talk too much
when questioning a child, especially for a pedagogue! It is so hard not
to be suggestive...
When students begin they either suggest to
the child all they hope
to find out or they suggest nothing at all."

Jean Piaget, The Child’s Conception of the
World

,

p.

9.

Adaptive Interviewer Reactions to Subject Responses
If the purpose of an interview is to gather research
data regarding

the ideas held by a subject, then a major concern will be to
keep the

subject active in the sharing of these ideas.

The problem becomes one

of balancing the need for a reasonable quantity of data with the need for

minimum interviewer intervention.
One way to achieve minimum interviewer Intervention is to design the

opening question so that its wording delimits the area of Investigative
interest yet encourages speculation, on the part of the respondent, con-

cerning an "appropriate" answer.
subject say something like:

The Interviewer would like to have the
it seems that ....Of course,

"Well,

also possible that ....then again,

I

feel that...."

it is

Striking a happy

medium between being too precise dnd being too vague in the presentation
of the opening question is more difficult a process than many perceive
it to be.

An anecdote related in the Perry (1970) report illustrates the

problem.
The study, as stated in the report, was directed toward eliciting

student concepts of the relative values of their individual academic experiences.

In the initial stages of the development of the opening in-

terview question, students were asked the following:
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you think you have changed in any way?"

Getting no response from one particular
subject, the interviewer ventured further,

V^en you go home, do you think your parents
will notice anv^
difference in you?"
After some thought, the subject responded,
"Well.

.

.maybe I have put on a little weight."^

Clearly, this illustrates that the ambiguity of the opening
question led
to a useless and unexpected response.

Additionally, there is the problem of structuring the question so
as to not preclude those interesting responses.

After all. Clinicians

believe the potential of uncovering some unique perception to be an important strength of their research methodology.

In the case of the Perry

survey, the non-specific version was changed to, "Why don't you start with

whatever stands out for you about this year."

2

It would be preferable that there be no intervention at all but, even

with an appropriate opening question, the continuation of an interaction,
or sharing, ultimately requires the intervention of the interviewer.

Ex-

amination of the protocols from various interviews will show that subjects do not ordinarily respond at length to an opening question.
col II (Figure 9) is one example of this phenomenon.

Proto-

Clement (1977) in-

cludes several protocols which also attest to this problem.

There are several stereotypical ways of dealing with the issue of

provoking subject participation and the more common ones will now be
^William G. Perry, Jr., Forms of Intellectual and Ethical Development
p.

19.

^Ibid.

,
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PROTOCOL II
Subject

College student currently enrolled In
second semester Intro-

ductory Physics.

Engineering major; average student.

05.

I:

Why don't you give me a sketch of the problem
over here.

06.

S

It looks like - this is a circuit (draws
circuit diagram
shown in figure 5), and there's the (inaudible)
and here's
the capacitor - and usually there's a resistor -

and one thing
that I m confused on is why you have to have a
resistor; another
thing I was confused on is how, like, I understand
how the excess charge gets here (points to (C)), but I have no
idea how
the excess charge got on that side (points to part of
circuit
between (D) and (A)). I asked Professor (name) in class but I
just couldn't see, I knew the charge couldn't go through it
(the capacitor), but I had this big argument with a friend to
see whether the current went here (C) and then went here (D)
or went through it.

(Letter Labels added by
investigator)

07.

I:

In other words, that when you were talking with your friend
you thought that maybe the current flowed to this side of
the capacitor (C) from this side of the battery (B)?

08.

S:

Yeah, and then the others to here (points to (D)).

09

I

Uh huh.

10.

S:

It just doesn't seem right.

11.

I:

Why?

12.

S:

13.

I:

.

And what's wrong with that?

just don't think the whole current could go in two different
directions. The current had to have one continuous flow, it
couldn't, couldn't, just wouldn't have a circuit, it wouldn't
be - it would just kinda stop there.
I

Uh, huh.

So,

I

mean because it wasn't a continuous flow, you

Figure

9

-
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lA.

S;

It didn't seem right.

15.

I:

It didn't seen, right?
So then how did you modify that
to get
to this (referring to charged
capacitor)?

16.
18.

S:

I

1‘

And so what kind of answer did you get that -

S:

Oh, it was a good answer.
He told me that, ah, excess negative
would be on this side (points to (C)) meaning more
charge would
go here, and then - therefore you, he explained
that it was a
effect, like a little green charge goes here (still
referring to (C)) and the electric field, it causes - that one
green thing causes an electric field, and in other words,
there's yellow ones here (pointing to (D)) and it makes the
yellow one want to move here. It's not that the green one is
going to go through the capacitor, it's just that the green one
is going to make a yellow move bp an electric field.

19.

I:

I'm a little bit -

20.

S:

This is like an electron (back to point (C)) -

21.

I

Okay

22.

S:

And then that electron is going to cause
citor.

23.

I:

Uh, huh.

2A.

S:

And now it's going to make this electron (at point (D)) move
away because of the field and therefore this is going to be
a net positive (at point (D)).

25.

I:

I

26.

S:

A net positive charge.

27.

I:

So are you getting a flow?

28.

S:

Yeah,

29.

I:

You're getting -

30.

s:

But it's not through the resistor, it's not actually through
Like these electrons are not moving.
the resistor.

:

didn't (laughs).

I

just asked the Professor.

a

field in the capa-

see.

urn,

hum.

Figure

9

(continued)
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discussed

No Initial Response at All

.

Unless the Interviewer is prepared for
the possibility of the subject simply staring back at him after the
opening presentation, the

situation can become quite tense.

When the subject doesn’t respond at

all or reacts in such a way so as to indicate
that he does not understand
the question,

the first reasonable line of action is to simply
repeat the

question with a slightly different tonal inflection.

This is

a

devious

way of inferring that the question has been rephrased and
the subject
ought to be able to respond to this new question.
There is no concensus on what might constitute the next level of

interviewer intervention; the suggestions which follow in this section
are roughly equivalent to each other.
First, the interviewer might consider offering a little encourage-

ment and sympathy as demonstrated in the example below.

What follows

is an excerpt of a protocol for a problem given to a third grade young-

ster dealing with the sharing of some candies.^
"32.

So does that tell you anything?

I:

33.

(S):

34.

I:

35.

(S)

36.

I:

Uh huh

What?
:

Huh - forgot

It’s a hard problem, isn’t it? I mean - a - different peopl
could have different opinions on this, I think. There isn’t
always just one answer. Depends on what you think. So why

^John J. Clement, "Quantitative Problem Solving Processes in Children"
(Ed.D. dissertation, the University of Massachusetts, 1977), p. 282.
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don't you read It again and tell me
what you think Is
fair.
It s an Interesting problem."

Another option, considered more precarious
by some researchers, is
to rephrase the original question.
Interviewers working under the Piage
tian guidelines are permitted to do this.

Such an action may be taken

when subsequent protocol examinations are
expected to transcend the par
ticular choice of words on the parts of both subject
and interviewer.
For example,

I

carefully chose the word "array" for use in questions

about electrical activity in various arrangements of batteries,
wires
and bulbs or other electrical resistors.

But if

I

were required, either

by request or by personal judgment, to rephrase the question,

I

would

not replace "array" with "circuit" because the latter words might imply
that electrical activity in the magnitude of familiar "circuits" exists
in that particular arrangement.

This tack also could be defended if, during a pilot study, a variety
of phrasings was investigated and the effect of those different phrasings

on other study aspects was well documented.

When the Subject’s Response is Brief or Less Specific than Hoped for.

When the subject does open with something which is at least close to
being appropriate, the interviewer should consider continued silence as
the first counter-response.

silence, though.

What is being suggested here is not ordinary

It includes some body language on the part of the in-

terviewer which conveys 'Yes.

Please go on.'

to the subject.

This body

language will depend on the physiognomy and normal mannerisms of the person conducting the Interview.

One example of this is the leaning forward

in one's chair with an anticipating look.

Another might be the nod of
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the heed.

Specific examples ere difficult to
generate here elnce one

person's 'anticipating look' Is another
person's 'threatening stare'.
Perhaps one can best learn how to do this by
trying

It out on friends

and soliciting their reaction or by having
a colleage review Interview

results either live or via records.

Interviewer Verbal Counter-Respon ses.
Results of Interviews are easiest to analyze when the entire record
Is made up of Interviewee comments and actions, but experience
shows this
to

hardly ever be the case.

A cursory re-examination of the protocols

already Introduced reveals that the interviewer does indeed become involved at the verbal level.

There is disagreement, though, over what

interviewers are permitted to say in order to minimally Influence the
outcome, but at the same time, encourage further output from the subjects.
My review of the literature on interviewing methods Indicates that

few people are concerned with this topic as

a

separate issue.

In addi-

tion to Piaget (1929), Opper (1977), Benjamin (1969) and Perry (1970),

who have already been cited, the reader might be Interested in Ericsson
and Simon (1979), and Love (1970).'

seems

the most restrictive.

Among those reviewed. Love's booklet

He asks his interviewers to respond to the

Interviewees merely by looking at them attentively as they speak; the

questioners are not even permitted the use of phrases like "I see”, or
”uh huh".

Love seems to feel rather strongly that such remarks may have

an undue Influence on the responder's thinking and subsequent response
to questions being asked.

^

Benjamin comes down less heavily on this type

Valley Regional
^Cralg Love, "An Interviewer's Basic Handbook" (Ohio
Medical Program, 1970), p. 20.
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of verbal response by suggesting
that "uh huh" can take on a
meaning

which depends on the tone of the utterer.‘

One Interpretation la that

"uh huh" means "Go on - I'm with you;
I'm listening and following you."
"Uh huh", under other circumstances of
Inflection, might connote approval or disapproval.

Interviewer use of "uh huh", as well as other
parallel words or
phrases which generally translate to "Go on - I'm following
you", appear in many protocols of Clinical Interviews.

Cognitive scientists

working on cognitive processing models from interview protocols at
Carnegie-Mellon University restrict their interviewers to one remark
Please think out loud."

Ericsson (1979) reports that there is

adequate evidence to support the thesis that the CMU prescribed inter-

view technique has no effect on the cognitive processing being investigated.

I

have seen no other reports of research on the effects of other

interviewer interventions, but the frequent appearance of "uh huh" with
no apparent concern for its effect can be taken as tacit evidence of its

being considered to have little or no influence on the data.

Beyond the "Uh Huh"

.

What happens when one gets to the point where' it is felt that the

question is thought to be phrased appropriately and seems to be understood, and the interviewer has used up his quota of silence, plaintive

looks and "uh huh'"s?

Are there other interviewer actions generally

^Alfred Benjamin, The Helping Interview

,

p.

112.

Ericsson and H. A. Simon, "Thinking-Aloud Protocols as Data"
(C.I.P. working paper No. 397), January 12, 1979.
A.
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accepted by the Clinical conmunity as being
non -inf luential on the subject’s cognitive processing?
really!".

The answer to this last question

is,

"not

This dilemma prompts me to make a few remarks
about the model-

ing of cognitive processing of information while
using Clinical Inter-

views

.

The clinical modeling process requires that

be accounted for in the model hypothesized.

aU

observable elements

Thus, the less the inter-

viewer influence, the easier the development of the model.

It can be

shown that, as subject reactions or responses become more traceable to

non-subject influences, the resulting model becomes increasingly more
difficult to comprehend.^

So Clinical Interviewers tend to be more will-

ing to go beyond the "uh huh" than other cognitive researchers, but do
so with the realization that whatever is said or done, either will have
to be defended as non-influencing, or included as part of their model.

One response which stands a good chance of being adjudged non-

influencing is that in which the interviewer merely repeats the interviewee’s remarks verbatim with the addition of a prefacing remark such
as,

"You say that...".

If the tone of the interviewer’s tone is a ques-

tioning one, the subject may interpret the repetition as, "Are you sure
you really want to say that?"

Or if a slight grin is noticed while the

interviewer is doing this, the interviewee might feel that the analyst is
going to pass that remark around and have a good laugh at his expense.
having a
When carried out appropriately, Benjamin (1969) sees it as

which describes several
^An example of an information processing model
P. Driver,
people involved simultaneously can be found in: Rosalind
Students
Adolescent
Young
in
Frameworks
’’The Representation of Conceptual
Urbana-Champaign Campus,
Ph.D. dissertation, University of Illinois,
1973, pp. 70-73.
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positive effect on the flow of interaction
between two people.

He sug-

gests that such an action tells the subject
that the interviewer is paying such close attention to what is being
said, that he can repeat it

word for word.

Most of us consider it quite a compliment that
another

person holds what we are saying in such high regard.

Doing the same thing, but rephrasing the subject's response,
even
ever so slightly, is done by some interviewers, but is more
dangerous
in terms of its potential influence on the subject.

On the one hand,

the person being interviewed may see the interviewer's words as a means

reflecting on what was said and use it as a springboard to continue.
But it is also possible that the subject will become quite upset over
the thought that the interviewer was able to express the ideas in a

clearer fashion and subsequently retreat from further participation in
the interview.

Certainly this latter technique is less predictable than

simple repetition in terms of how it may affect the flow of the inter-

view or the analysis of the interaction.
Protocol II (figure

9)

was cited earlier as an example of the need

to make counter-responses in order to get a broader data base on the

subject's ideas.

This protocol also serves as an example of interviewer

responses just discussed.
For example, line 07 in Protocol II demonstrates the use of repeti-

tion of part of a subject's response.

Partial repetition is not quite

the same as total repetition but, if restricted to the subject's last

words or actions, the effect should not be significantly different.

In

of the subject'
this case, the response consisted of a verbal description

actions added' to the last phrase uttered.

Judging from the part of the
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protocol which follows this response,
the effect of this particular
action appears to be of the
non-intervening variety.
As best as can be determined
from personal recall, line 13 was
not

meant to be

a

synthesis of what had gone on. but an
examination of the

wording as reported in the transcript does
indicate this to be the case.
In retrospect,

if the interviewer had said, "So you
thought the current

had to have a continuous flow..." the
counter-response would not have

turned out to be a synthesis of several of the
subject's preceding remarks.

The concern over this kind of response is that the
subject might

recognize the synthesized remark as Information which is of the most
interest to the Interviewer and gauge succeeding participation accordingly.
The impact of this action by the Interviewer is probably not as great in
this particular case as it might be with another subject.

Protocol II

is the report of an Interview between two people who had met several

times before in Interview settings, and since such a response is said to

only possibly have

a

deleterious effect, the possibility should be re-

duced even further with increased familiarity between subject and inter-

viewer.

Protocol II is different from Protocol
a line of

I

in another way.

Intervention which is representative of

tack in Interviewing.

a

It

includes

completely different

Up until now, the arguments have centered about

the effects of various interviewer actions or responses in terms of their

Influence on a subject's thinking and subsequent responses.

It will be

noted that subject responses in Protocol II are quite lengthy, at least

when compared with those of Protocol

I.

So if the investigator had been

have
interested only in eliciting subject participation, the goal could

It*

been met with considerably less Intervention.

The interviewer did,

nevertheless, get more involved than he should
have.
not taken without regard for the consequences.

This action was

The purpose of this

line of involvement was the investigation of ideas
which the inter-

viewer hypothesized to exist in the subject’s mind on the basis
of in-

formation previously volunteered. The reason that such

a tack might be

considered appropriate in some settings is the topic of the next section.

Probing Questions

.

The recognition of the need for minimum intervention on the part of
the interviewer has grown out of several years of attempting to evaluate

results of experiments designed to investigate the nature of human
thought processes.

Probing must be viewed as an appropriate interven-

tion only when the interviewee has ceased making spontaneous remarks.
The judgment concerning cessation of spontaneity should always be a

conservative one; the interviewer should wait until some time has elapsed

during which there has been no response.

The reason behind the promotion

of such a guiding philosophy comes from accepted scientific experimental

practice;

measuring instruments should offer as little disturbance

the system being measured as possible.

Physicists even have a quantita-

tive measure of potential disturbance in systems being evaluated:

Heisenberg Uncertainty Principle.

to

The

To some extent, the problem is akin

selecting a
to the measurement, of a person’s waist for the purposes of

pair of trousers.

Surely many of us find it difficult not to reduce our

waist circumference as the clothing store salesperson places
around that part of the anatomy.

a tape

The Piagetian concern over the separa-

Suggested Conviction has
tion of the Liberated Conviction from the

ll
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already been mentioned.

That every Investigator would
like to point to

a subject's revealing response
and pronounce It "truly liberated!"
goes

without saying.
It is my contention that there is a
place in Clinical Interviews

for questions designed to probe subject
ideas and to test hypotheses.

Probing questions are those which delve into aspects
of subject responses which the interviewer had judged to be of interest.

Counter-

suggestions are a specific kind of probing question and their
discussion
will be left to a later section of this chapter.
Protocol II was prepared from the third interview held with this
subject.

Before this interview took place, a review of the protocols

from the first two interviews led the investigator to believe that this
person held an interesting mental model about electric current.

The

problem was to find a way to elicit this person's model; the resolution
required finding a way to do it so the results would be judged to be
"liberating" rather than "suggestive", yet a way which would also be

reasonably efficient.
We are reminded of one of the points raised early in this paper:
the style of the interview depends on the intended area of investigation.
If an interview is being used to test a hypothesis or to explore areas

for future more-specific testing, then it seems quite proper to probe.
In the case of the series of interviews being discussed here, the in-

vestigator had only tentative evidence that this person's model did not

match those held by the investigating team.

It is quite possible that

been made
the model reported in line 18 of Protocol II might never had
probing quesknown to the investigator without the introduction of the

tion of line 17.

merely
This particular probing question seems to have
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liberated the eubjecfs model.

The Judgment about liberation
as opposed

to suggestion Is made on the
basis of the specificity of the
description.

The terms used do not seem to be tied
to anything previously said by

either person.
Unfortunately, the effect of some other interviewer
counter-response
does not seem as clear.

what

s

wrong with that?"

Consider line

9

(protocol II), "Uh, huh, and

Here the interviewer made the judgment that

the subject had some difficulty reconciling two ideas as
presented to

her from other sources.

The evidence suggesting that a difficulty exists

is found in line 6 where the subject said, "...I just couldn't see..."

On the other hand, subject responses in lines 10 and 12 indicate that
the contradiction hypothesized by the interviewer probably didn't even

exist in the subject's mind until such a possibility was suggested.

Hypothesis testing is just what the name implies.

There are no guar-

antees that the use of probes will yield results which are meaningful.
It is even possible that their use will negate the appearance of evidence

which might have otherwise been elicited through the deployment of

a less

suggestive probe.
In the case of the first probe discussed, the decision to use it was

based on a reasonably careful consideration of evidence.
the second probe,

In the case of

it was extended on the basis of a fleeting remark made

just seconds before the decision to use it was made.

Piaget's

comment

that it takes at least a year of daily exposure to develop appropriate

interview skills probably relates more to the development of judgment
in the use of probes than any other aspect of interviewing.

^Jean Piaget, The Child's Conception of the Worl d, p.

8.
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The Counter-Suggestion

.

The use of suggestion concerns the
Clinician as much as does the use
of probes.

Additional concerns include the threat to
the subject's ego

and the setting apart of the interviewer as
an authority.

One need not

be an expert psychologist to realize that when
one is told that his

views are not in line with "those-who-are-in-the-know"

,

the result can

be a retreat from further discussion of the subject's
apparently, unortho-

dox point of view.
One possible application of suggestion in interviews is the confirma-

tion of a hypothesis which has already been tested and accepted as valid.

Once the use of suggestion has been justified, problems with subjects' ego

defenses can be kept at a minimum through the use of a mechanism called
the counter-suggestion.

An example of this probing style would be the

following:

"When I was talking to a person enrolled in the same physics
course as you are, this person said...."
Since no specific mention is made to the contrary, the subject pro-

bably assumes this other person to be of the same level of understanding
as he is.

Peers are normally considered not to be authorities, no matter

how capable they are.

Unfortunately, neither Protocol

I

nor Protocol II

contain examples of the appropriate use of suggestion, but lines
17

in Protocol I are examples of how it should not be done.

15 and

It should not

place,
be too difficult to imagine that, deployed at the right time and

counter-suggestions can be especially valuable in the testing of resiliency
of concepts.
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A_Natur all8tlc Settin g
If an important Issue is the
naturalness of the interaction,

method of record-keeping certainly has
to be considered.
to be two mutually exclusive goals here.

the

There appear

One goal is to give the subject

the impression that whatever he says or
does will never be known to any

other person.

In this way,

ideas held which might be Interpreted as

immoral. Illegal, unsophisticated, or unknowing will
have absolutely no

consequence whatsoever.

Another unfortunately opposing goal is to ob-

tain an accurate record of the Interaction between the subject
and the

Interviewer
feels that the presence of

a

notetaker is so counterproduc-

tive to the expressiveness of the subject that such a practice should be

avoided.^

Benjamin, on the other hand, supports Piaget's long-established

practice in that he sees no need to be at all concerned.
as to suggest that the client

He goes so far

(in the case of the psychiatric Interview)

may feel that notes are necessary for the proper analysis of the session.

2

The most accurate record is the result of the use of videotaping

equipment controlled by

a

technician who may vary the viewing angles and

image composition throughout the Interview.

Benjamin feels the video-

taping of interviews to be quite appropriate in research and study.

It

is an unquestionable aid to the interviewer and he sees it as having little

The protocols reported in this paper

Impact on the subject's participation.

were produced from video tapes.

Although it is occasionally noted In other

^Harry Stack Sullivan, The Psychiatric Interview

^Alfred Benjamin, The Helping Interview

,

pp.

,

pp.

56-61.

49-52.
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protocols that the subject turns to address
the camera, it is my feeling
that the presence of the equipment has little
bearing on participation
of the subject after the opening uneasiness
associated with most new

meetings

Summary and Conclusions
This chapter was organized with two purposes in mind.

First,

I

felt that it must convey my particular methodology in the research
being

reported.

To that particular end,

I

described the issues which

sidered in the planning and execution of my own interviews.

I

con-

Second,

I

felt that this particular chapter ought to have a "pull-out" character
so that other investigators, contemplating a Clinical research project,

might have a reference which stands apart from the remainder of the thesis.
The opening question was discussed at length, because
the issue which deserved the most thought and energy.

I

saw it to be

At times, it may

have seemed that my suggestions were aimed at standardizing Clinical interviews.

This was not my intent.

Discussions about maintaining the flow

of data, or probing, were meant to provide the reader with a clear picture

of how

1

conducted interviews, as well as providing prospective inter-

viewers with a "tool-box" of ideas.
The most important matters to be considered when planning for the

interview style as used in the topics to be discussed arei
1.

The extent of interviewer intervention has to be decided beforehand.

Without such a guide, the interview data can be rendered

meaningless
2.

The interview has to flow naturally.

Whatever is said or done

result (meaning a
by the interviewer should be a "natural"
the subject's response
reasonably well-articulated next step) of
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to the previous question.

The section which follows is

sugary, in outline fom., which
includes

e

each step to be followed when planning
an interview.

Each matter to be

considered is followed by sample interviewer
responses; some of which

were actually used by me and some

I

will use In my own future work.

A Personal Checklist of Interview Strategies
1.

Greeting the Subject

.

Plan the type of greeting.
at ease?

How Important Is It to put the subject

How much Information does the research team wish to give the

subject about the nature of the study?

Is it appropriate to call the

subject's attention to the record-keeping part of the interview?

Does

the subject have any choice about whether or not a particular kind of

record is kept?
A suggested approach:
"Hello (name of subject), my name is

)

(

.

We are interviewing

people in order to (make as non-suggestive as possible in terms of
specific project goal).

Since

I

would rather not guess later about

exactly what went on between us today,

I

am going to videotape this

interview using that fixed camera over there.

Is that okay with

you?"
2.

The Opening Question

.

The wording or physical presentation of the opening question must be

carefully considered so that its suggestiveness is appropriate to the need
of the survey.

Some thought must be given also to phraseology and condi-

tions which are natural to both interviewer and subject.
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A suggested approach:
1.

Plan on as many ’trial'

(throwaway) interview sessions as
time

and money allow.
2.

Use inappropriate (to the study) subject
answers to the opening

question as clues to the inappropriateness of the
question.
the Subject is Unable to Provide an Initial Response.

A:

The most fearsome of all subject responses is no response!
the options beforehand.

Consider

Is the interviewer allowed to rephrase or change

the conditions of the question?

Can sympathy be offered indicating that

some people indeed find such a question difficult?

If complete non-

intervention is the desired tack, body actions must be considered; these
can be more intervening than words.

A suggested approach
1.

(

in order of deployment)

:

If you are allowed to intervene, when you feel as though it is

time to do so, wait a little longer.
2.

Comment:

"This is a tough one, isn't it?"

3.

Comment:

"Is there anything you feel can be said about this?"

4.

Rephrase the question, making it a bit more suggestive in terms

(wait)

of survey interest.
5.

4.

Recycle

1

and then skip to

4.

If the Initial Response is Incomplete

.

Is it permissible to provoke further contributions?

viewer wish to use counter-responses at all?
used, how non-intervening must they be?

A suggested approach

(

in order of deployment )

Does the inter-

If counter-responses are

82
1.

Co-ents:

"Uh, huh" or "I see", looking

«

the subject

This is continued as long as Interviewer
feels that there is
even the slismiest chance of a further
response by the subject.
Care must be taken not to go so far as to
appear inept.
2.

Comment:

"Could you expand on that a little?"

3.

Comment:

"The other day, somebody told me

(a

remark which is

closer to the interest of the survey than that
discussed by the

5.

subject thus far).

I

realize that you haven't really mentioned

this aspect of the problem, but how do you see that point
of

view?"
4.

Recycle

1

and

2

above.

When the Subject's Response Includes One Specific Part which the
Interviewer Finds Particularly Interesting
.

Whether or not the interviewer should do anything at all about this
is important to clarify at the interview planning stage.

Are probing

questions permitted?
A suggested approach
1.

(

in order of deployment )

Ask a specific question about the matter of interest, but allow
for open answers.

Examples:

"You talked about/said/did (repeat

verbatim or describe action objectively).

Can you tell me more

about that?"
2

.

As above, except for the last sentence, which is replaced by:

"Can you tell me why you chose that particular one?"

CHAPTER
OVERVIEW OF THE STUDY:

IV

POPULATION/ SPECIFIC QUESTIONS

Population
The non-suggestive, introspective
clinical interview, in the style
as just described, made up the main
investigative tool for my study.
Of the 42 interviews, all but two were
recorded on videotape.

Written

surveys were also administered to selected
groups in order to investigate
the extent to which the more interesting
clinical findings were idiosyn-

cratic.

All subjects were chosen from classes made up of
engineering majors.

The interviewees were selected to provide a broad spectrum
of students

with different degrees of experience with electricity.

Some were en-

rolled in the first semester physics course which was primarily mechanics these students had had no experience with electricity at the college level.
I

will use the label "Naive" when referring to this first group.

A second

group was made up of those who had studied topics in static electricity

—

which included work with capacitors

these subjects had not yet fully

covered the properties of operating electric circuits.
shall be referred to as "Beginners";

This second group

A third group of students had had

two to six weeks of contact with circuit problems in their present physics and engineering courses.

A fourth group was made up of students who had completed the second

semester of introductory physics.

Their coursework had included all of

the topics from electricity usually covered at the introductory college

level.

All of the students in this last group had completed their study
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of electricity no „ore than
six months prior to their
Interviews.

Groups

three and four are collectively
labeled "Experienced".

Question Selection Process.
A tentative question-sequence was
developed for use In all Interview

sessions while working with my study-populatlon-to-be
during Investigations of questions In mechanics (physics)
and algebra.
sequence, consisting of questions 11,
12, 13, and
10,

U,

This beginning
as listed In figure

was developed from two main assumptions.
The first assumption was that the order of questions
ought to reflect

increasing levels of exposure to the standard physics curriculum
least my subjects' curriculum.

at

"Lighting The Bulb", for example, was

seen to be the most basic of circuit requirements.

Battery

—

And the "Role of the

question, which followed the "Light The Bulb" question in the

early interviews, was thought to be a potential source of information

regarding the subject-matter bridge between the student's current study
of physics and the likeliest immediate prior course - chemistry.

The second assumption was that the question-order, as well as the

depth-of-probing, ought to reflect increasing levels of complexity in

both content and student competence in general problem solving.
These assumptions continued to serve as the main determiner of both
the questions and question-order, but certain questions were de-emphasized

and others were added as the protocols of the beginning interviews were

evaluated
The battery question, just mentioned, was omitted from many later

interviews because subjects Inevitably provided the interviewer with the
usuaj.

chemist’s Oxidation-Reduction model.

There seems to be little
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interesting data coming out of that
particular question.

On the other

hand, my Initial assumption that
the question regarding polarity
reversal

with respect to the lighting of the bulb
would provide me with enough
data concerning student conceptions of
polarity effects, proved unfounded.
I

came to this conclusion after finding that
one student could demonstrate

an "experts’" understanding of the effects of
reversing the battery polarity during the probing within the "Light the Bulb"
question, but express

puzzlement about the same operation in another D.C. resistive
circuit.
In response to this interview, a decision was made to
directly investigate

this particular phenomenon in at least one additional question setting

with each subject.
The "Short Circuit" within the Capacitor-Resistor series of questions

was also added as the direct result of an unprovoked student response

during an interview.

Few totally new questions were added throughout the

progression of the study.

Most of the added insight, gained from inter-

viewing experience and protocol analysis, was applied to formulating more
useful probing directions within the existing collection of questions.

Figure 10 is a summary of all the questions asked, along with the
number of subjects responsing to each, in the clinical interview portion
of my study.

mechanics.

Included are several questions which relate to algebra and
At first glance, their inclusion may seem unrelated to the
But, these questions were used to cross-check

main theme of this report.
either the level of naivete

,

or overall competence, of my subjects.

I

felt that their use was an especially important comparator when assessing
study
the interactions with those subjects who were just beginning to

electricity in their current course.
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Clinical Interview Data Summary

Number of different Interviews:

45

Number of different subjects:

32

Case studies:

Two interviews with each of three
subjects, three with

one subject, four with one subject
and six with one.

Task questions:

Only the key phrase Is given here.

The complete ques-

tions for those relating to electricity follow.

The

number In parentheses Is the number of subjects
asked
to respond to the particular question.

1

2
3

4
5

6
7

8
9

10

11

12

13
14

15
16
17

—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—

Squeeze bottle (2)
Skaters (1)

Whlrlybird (1)
Canoe (1)
Sliding quarter (3)

Algebra - Mechanics

v=2.5t/auto trip

(data collected and retained

(9)

Half life (4)

China

but evaluated by others)

(1)

Gas mileage/ferry (5)

Cheesecake

(7)

Light the bulb (25)
Role of the battery (7)

Electricity (data collected

Power company (5)

and evaluated; Summary proto-

Two-bulb paradox (25)

Potential divider

cols written in all cases,

(8)

transcripts written in many

Capacitor/resistor (15)

cases.

Measuring current-voltage (13)

Figure 10
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C^qmplete Clinical Interview
Questions

.

This section more fully describes
the language and setting of
the
questions and the problem situations
about electricity which were used
in the clinical setting.

It should be noted that the
language of the

questions is paraphrased here because
attempts were made to present the
questions as naturally as the situation allowed
at the time.

exception of question

//15

With the

which was used only early in the study, one

word was never used by the Investigator until
introduced by the subject
and that word was "circuit".

When asking interviewees about a given cir-

cuit, phrases like, "this collection...", "this array...",
"this combina-

tion..." were always used.

potential

,

power

and

Similarly, the words, "current", "voltage",

potential difference" were also avoided until

introduced by the subjects.

//ll

- Light

the bulb.

The subject was provided with three to five wires,

a battery and a flashlight bulb,

and asked to make the bulb light.

If

the subject appeared to be having difficulty holding the various elements

in place,

the investigator would offer assistance.

With the successful lighting of the bulb either by the subject, or
by the interviewer in the case of the subject's giving up on the task,
the subject would then be asked to predict the outcome of reversing the

bulb connections with respect to the battery terminals.

Whatever the pre-

diction, it would be actually tried with the materials, and this in turn

would be followed by a discussion of the predicted and actual events.
if

Thus,

the subject had first lit the bulb by touching its center connecting

point to the positive terminal of the battery, the person would be asked
point to
to predict the outcome of touching that same bulb connecting
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the battery’s negative terminal.

n2

j

- Role of the
Battery .

This question often followed the
lighting-of-

the-bulb discussion and was worded adaptively
to the terminology used by
the subject in previous answers.

suggestive as possible.

An effort was made to be as non-

The question ranged from:

"What do you think

was going on inside the battery while the bulb
connected to it was giving
off light?", to "You said that the battery provided a
current to the bulb.

Can you tell me more about that?"

^

^ ~

Power Company

.

This was purely a discussion-type question (material

were not manipulated):

"What physical quantity do

I

get from the elec-

tricity company in return for the money that they get from me?
it that gets

//1

4 -

What is

'used-up'?"

Two-Bulb Paradox

.

The subject was presented with a series circuit

consisting of two bulbs mounted in bases and

a

single D-cell battery.

The resistances of the bulbs are such that only one lights when the circuit is made complete.

The language of the question is adaptive accord-

ing to the subject's background in electricity and ranges from:

"Can

you explain why what you see is happening", to "Using whatever terms or

language you feel appropriate from the work you have done in physics,
do you think that you can tell me why only one bulb lights?"

If the sub-

ject makes no specific mention about the continuity of the filament of
the unlit bulb,

the following probe is used:

"Someone

I

talked to the

other day thought that this bulb (the unlit one) was burned out.
you think of that?"

What do
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L

15 - Potential Divider .

The subject Is presented with
s card which

cludes the following statement and
question:

In-

"A potential divider Is a

device which can be used to operate a low
voltage device with a fixed
and higher Direct Current voltage source.

An example of this is the

operation of a six volt tape recorder by plugging
it into an automobile
cigarette lighter outlet which supplies 12 volts.

Schematically, it ap

pears as follows:

(taken from card)

Explain how or why this particular circuit will do the job.

Comment on

the size of the resistors if you can."

//16

-

1.

A random handful

Capacitor/Resistor Questions
(4

.

or 5) of the capacitors and resistors were taken

from a box and placed on the table before the subject.

The devices had

been selected so that their labeling did not include the names "capacitor"
or "resistor" but did include the standard symbol or abbreviation of the

unit of measurement

(

,

mfd, etc.).

Subjects were asked to identify

each item.

II.

This problem was given only after the successful identification of

the elements in the previous question.

Subjects were given a resistor
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and a capacitor whose leads had
been twisted together as shown
in figure
11a, and asked to identify each
member of the array.

Upon proper iden-

tification of the array’s components, the
lead wires from

battery were attached to the array as shown
in figure lib.

a

case-mounted
The subject

was then asked to explain, in detail, "what was
going on" in that circuit; the term, "circuit" was never used by the
investigator unless it

was first used by the subject.

(The reader’s attention is called to the

resulting "short circuit".)

III. Regardless of the subject’s response to Q-II, one of
the battery’s

leads was changed so that the array became that shown in figure 11c.
The subject was then asked to explain what might be going on in the ’new’
array.

IV.

One of the clip leads was then moved to a different position as

shown in figure lid.

The subject was asked how this change would affect

the operation of the circuit.

#17 - Measuring Current-Voltage

.

Although listed as a separate question

here, a serious attempt was made to make this inquiry into Kirchhoff’s

Rules (Junction rule, and Sum-of -Potential Drops-in-a-Loop Rule) appear
to be part of some other question.

And although its placement in the in-

terview flow was adaptive to the particular sequence of events, this ques
tion often was asked as a probe within the "Two-Bulb Paradox" question.
In attempting to explain the results observed in the latter question,

subjects frequently made reference to the current through one bulb with
circuit
respect to the other bulb, or the potential drop somewhere in the
In one case, I said:

in
’’When I asked you to discuss what was going on

Figure

11
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this array,

(the "Two-Bulb Paradox" circuit)
you talked about current

coining out of the battery, could
you tell me more about the current

throughout the other parts?"

Getting subjects to discuss potential

drop or difference required much more
specific probing than did getting

them to discuss current.
In cases where the subject never made specific
mention of either

term,

the person might be asked:

"what kinds of electrical measurements

can you tell me about - in connection with these (whatever
collection of

resistors and a battery was before them at the time) materials?"
This question had a second part.

When

I

had adjudged the subject to

have said as much as he or she had to say about current and voltage rela-

tionships in a particular circuit, a question like the following would
then be presented:

"You’ve told me about the current and voltage at var-

ious places in this array.

Could you use these meters (pointing to the

collection off to the side) to prove what you've said to be so?"

There

were three meters on the table along with a collection of connecting
leads.

One meter was an ammeter, another was a voltmeter (both faces

were clearly marked) and the third was a rotary switch multimeter.

The

subject also was always asked if he or she had ever used devices like
those before and if the reply was negative, the use-of-meters question

was laid aside.

Written Survey Data

Written surveys were administered to several groups considered to
subjects.
be representative of each of the four main subgroups of Clinical
in figure 12.
The character and size of each survey group is summarized
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Figures 13, 14. 15. 16. and 17 are
replicas of the actual forms
used In
each case. Most of the respondents
to this part of the study
worked on
their forms for about one-half
hour but the stated time was
unlimited.
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Written Survey Data

Group Character
ENG 103

-

discussion group

a) Will bulb light?
(figure 4)
b) Capacitor/

(also in Physics 161^)

Resistor
(figure 5)
#2 - PH 162^ -

#3

2

discuss ion groups

ENG 103 - discussion group

40

a)

Two-bulb paradox (figure 6)

73

a)

Two-bulb para-

(same background as #1, but

(figure 6)

later in semester and different people)

#4 - PH 162 - Lecture Section
(at end of semester)

10

Capacitor/
Resistor
(figure 7)
b) Use of Ammeter
(figures 8a and
a)

8b)

Figure 12

ENG 103: An Engineering survey course required of all freshmen engineering majors.
2

PH 161 - First semester of two-semester sequence of calculus-based,
physics for engineering majors. Mostly mechanics.

^PH 162 - Sequel to PH 161. Mostly electricity.
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Case A

^ llsht

bulb

Case a)

Will it light?

Yes

No

Yes

No

Why?

Case b)

Will it light?
Why?

(replica of actual form used)

Figure 13

'^e sketch above vas made of a real
arrangement of a resistor a
capacitor Md a battery connected as shown.
Using whatever form of
representative diagram you wish, please draw
something below which
electrical relationships between the components.
\R 'scheletiM'"
schematic would be one way to do this.)

U

(replica of actual form used)

Figure 14

Major

age

physics grade last term
97

A

8

The diagram above 1s meant to represent the
phenomenon ‘seen here today; It
nwy be assumed that there are no hidden wires
or 'trick' devices Involved
You are asked to respond to the following questions,
explaining your
answers as fully as tine allows. We are Interested In
finding out what

Information and' thinking' you are bringing to the topic
soon to be discussed
In this course.

Although there are two separately Identified questions, some people
choose
to consider the questions as one while responding; do
it your way!
1.

If the battery is oriented as shown in the diagram above,
does such an

orientation

determine which bulb

(A

or B) will be the one to light? (don't

forqet to explain the basis for your reply.)
2.

Using whatever terms you consider appropriate to the description of electrical
'things', please explain why only one bulb lights In this array.

(replica of actual form used)

Figure 15
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The sketch shove was made of a
real arrangement of a resistor,
a capacitor and a battery
connected as shorn. Please discuss the
electrical
events which one might associate
with such an array.

(replica of actual form used)

Figure 16

Name

Major

Phone

Interview Aval lability

(1)

A student^ asked to measure current passing
through resistor A,
connected the ammeter as shown in the diagram above.
Do you

agree with this student that such a connection would
indeed
provide the data requested?

^Sree

(

2

)

Disagree

Not sure

What explanation would you give to

person asked for the basis for

a

fellow

student if this

yo\ir stand?

(if you are unsure, what is it that concerns you?)

(replica of actual form used)

Figure

(continue to next

pa(?:e

17

if more space is needed)
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(3)

(Still with reference to the resistors, battery
and ammeter
array shown on the previous page)
Please draw a way in which
the current through resistor A may be measured which
is not
the circuit drawn earlier.
You may use a "schematic" if“7^u
wish

—

Figure 17 (continued)

CHAPTER
IlASIC CIRCUIT

I

In this chapter,

I

V

REQUIREMENTS

ntroduction

shall present and discuss both
clinical Interview

and group written data pertaining to
the particular Investigation of atu-

dent conceptions of basic circuit requirements

.

Data from the clinical setting was derived
primarily from the opening question used in interviews with 25 subjects:

Given this collection of materials (three wires, an
unmounted
2V bulb and a standard flashlight batterv) can you
light the
bulb ?
'

^

by James Evans, describing specific laboratory experi-

ments dealing with batteries and bulbs for physics courses recently appeared in The Physics Teacher .^ In the introduction of that article,
Evans indicates that half of those students given a problem, similar to
the one

I

am discussing here, will fail.

both secondary and college level students.

He found this to be true of

Thlberghlen and Delacote re-

port similar results from clinical interviews with

Arons has responded to this situation by devoting

7

a

to 13 year olds.

2

chapter of his college

physics text to extremely simple circuits and he includes several pages
on the problem of lighting a bulb.

3

Similar instructional material is

^James Evans, "Teaching Electricity with Batteries and Bulbs", The P hy sics
Teacher (January 1978); 15-22.
2

Andree Thlberghlen and Goery Delacote, "Manipulations de Circuits Electriques Simple par des Enfants de 7 a 12 ans". Revue Francaise de Pedagogi c 3 m,

(1976):

32-A4.

Arnold Arons, The Var ious Language

,

1977).
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(New York:

Oxford University Press,

102

available in the E.S.S. Teache
r's guide on Batteries
and Bulbs
The above atodlea together
with my own preliminary
Invest Igatlona,

suggeat that there are major
conceptual dlfflcultlea at very
elementary
levels.
In the interviews,

I

found two particular wiring
plans to be the

most frequently followed by
non-succeeders

.

These were used as the basis

for a short written quiz (figure
13. Chapter IV) which was administered
to 57 students in a freshman level
engineering course.

Most of these

students were concurrently enrolled in the first
semester of introductory
physics.

Since they had had no formal exposure to electricity
at the

college level, they may be considered Naive, as defined
in the previous
chapter.

This label is used with some reluctance because few people

enter a university engineering major without some high school
science.
Sample Data Taken From Interviews with Naive Subj ects.

While the problem of lighting

a

bulb may be generally considered

elementary, and therefore trivial for college-level engineering majors,
my data Indicates otherwise.

The protocol which follows is an example

of the clinical interviews which initially led me to investigate the par-

ticular issue under discussion.

Subject

//53 -

"Steve".

9/18/78.

Second year engineering student; cur-

rently enrolled in second semester physics for similar majors; course

work has included Coulomb's Law and Electric Fields; grade in previous
semester Physics:

AB.

^Elementary Science Study, Batteries and Bulbs
sion, McGraw-Hill, 1968)

,

(New York: Webster Divi-
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significant Episodes:
A.

Interviewer presents question (can you
light the bulb?).

B.

Subject makes up arrays of the
bulb-wlres-battery collection in the

alphabetical sequence indicated by the identifying
letters in figure
18.
C.

The interviewer offers to light the bulb at
this point (subject had
spent about six minutes forming the arrays just
described) and the

following verbatim protocol results.

Transcript
of Interviewer- Subject interaction
3.
1.

I:

5.

2.

A.

6.

I’ll tell you what.
Let me light the bulb for you. All
right? I’m going to take this bulb and I’m going to take
this wire and put it dovm here and put the bulb up here,
(makes up a circuit like that shown in Fig. 19a). Maybe
you can help me now. VJhy don’t you touch the bulb to that
thing (causing the circuit to be made as in Fig. 19b) and
watch that. Did it light?

S:

(Steve):

I:

Now, what am 1 doing here that would make the bulb light
that you didn’t do?

S:

All right, let’s see. You’re touching this side thing here
(referring to the screw base of the bulb). It looks like
it’s insulated from oyer here (referring to the lead button
Maybe a
I don’t know.
contact on the base of the bulb).
ground in it. No?

I:

I

S:

What I was doing - I was connecting positive and negative.
And I was touching that to that (the lead point of the bulb
and the positive teminal of the battery) and you’re touchI don’t know if that’s completing a
ing the ends of it.
circuit of something. .Oh, I see. The bulb is in-between
the terminal and that end and a negative coming from there.
I had the wire in-between that
I had it in the other way.
Right?
and the bulb.

Yeah; amazing.

don’t know.

You tell me.

.

7.

I:

I

don’t know.

I

guess you did.
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8.

S:

Yeah.

9.

I:

Urn ,

10.

S;

This way (refe
ng to the circuit of Fig.
19b)
it's
around In a circle like it's going
through the bulb
back
into the battery the negative end.
And I had it
it
was just going around like that
(recreating Fig. 18a wUh his
ingertips) and I had the battery on
top of it.

That's

hum

L

m

(The protocol continues with a
discussion of what the subject
meant y circle and what the subject
conceived as "something^
going around. )

Discussion of Steve's Protocol

.

The protocol just presented points to the existence
of preconceived

ideas held by this student regarding the requirements
of operating electric circuits.

It is intended that the phrase, "preconceived ideas",
be

used in distinct juxtaposition to the phrase, "blank slate".

This person

seems to be going into the study of electric circuits with some reasonably

well-defined notion about how simple electrical devices work.
It is further possible to speculate on what the pireconceptions held

by this person are.

Turning first to the significant episodes, it will

be found there that Steve employed both terminals in some of his initial

attempts to light the bulb,

(see Fig.

18,

a and b) but he did make one

try at lighting the bulb utilizing only one of the terminals (Fig. 18c).
So it is somewhat unclear whether this subject recognizes the circuit

character of the source, but it may be said that Steve is not really convinced that the bulb need be included as a Circuit element rather than a
Sink element.

(The terms "Circuit" and "Sink" distinguish devices which

operate by allowing something to pass through them (circuit element) from
devices which operate by allowing something to pass int o them (sinks).)
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Note that this preconception
seems to exist despite
Steve's being able
to use terms like "positive
terminal" (line 6 o, episode D)
and "Insulated"
(line 4. same episode).
It might be thought
that the use of such termin-

ology Implies the recognition of
the bipolarity of the source and
In-andout connection points for the Included
elements, but his beginning actions
cast doubt on whether he Is able to relate
such terms to a real electric
circuit.

So far,

I

am not superimposing much on the subject's
conception

of the situation since the student himself
tells us, in line 6 of the trans

cript, about his initial inclination to overlook
the circuit character of
the bulb.
It appears that this person was approaching problems
of the type in-

vestigated here with a Sink model of working electrical devices.
is the case,

If such

it is reasonable to ask about the significance of beginning

with such an inappropriate model as well as its resilience.

The question

about resilience may be partially answered by looking at the protocol of
what may be termed a transitional student;

a

person whose model seems to

oscillate between that of a sink and that of a circuit.
In the transcript which follows, the reader is particularly alerted to

the contents of lines

4

Subject #58A - "Ellen".

and 11.

9/28/78.

Student quite similar in background to

"Steve", except that her grade in first semester physics was BC.

(Interviewer poses question:
02.

S:

(Ellen):

03.

I:

Now,

Oh, wow!

can you light the bulb?)

(laughs)

I'll help you out for a minute
thing alright?

—

— put

a finger here

— or

some-
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04.

S:

Wow

05.

S:

(Then upon rearranging connections
so that array becomes that
seen in 19b) There we go.
Okay,

that doesn't work so good
(initially arranges collection
as shown in Fig. 18a).

,

06.

I:

What are you doing?

07.

S:

I'm making a circuit; making it because
1 know that electrons
travel through a wire and this is positive
(points to end of
battery so labeled) and that's negative (points
to other end
of battery).
One of them (inaudible) one or the other— and
then I have to it's broken now, so the electrons
aren't
traveling now so if I connect it there (reproduces circuit
of diagram 19b) then the current is running.

I:

I don't know if you did this inadvertently,
or, you know purposefully initially you did this — (reproduces circuit
shown in fig. 18a).

St

Ya ; right; and then

10.

I:

Well, what was wrong with this?

11.

S:

Urn.

09.

08.

I

does — oh wow!

13.

Probably wasn't the kind of thing I could touch. It has
to be either - ya know - it has to be a certain metal or

—

I'm not sure exactly but
12.

I:

But it worked?

S:

Yes.

(The transcript continues with a question about reversing the
polarity of the source and its effect upon the lighting of the
bulb
.

D iscu s sion of E llen's Protocol

.

The protocol just cited contains examples of the strengths as well as
the weaknesses of clinical interviews as research tools.

The strength of

the interview format may be seen in the contribution made by the follow-up

questions.

For example, when Ellen demonstrated that she was able to

light the bulb (line 05), and provide some reasonable explanation of her

action (line 07), the provoked response given in line

11

casts a doubt on

to the
whether her model is Sink or Circuit; she makes no reference
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Battery-Bulb Arrangements by Steve

(d)

Figure 18

Battery-Bulb Arrangements by Investigator

Figure 19
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requirement that something be able
to pass through.
reference,

in line 11.

Particularly, her

to having to touch "...a certain
metal..." im-

plies the basis for the successtul
lighting of the bulb to be somewhat
of a mystery.

There is also the matter of her initial
use of the wire as shown in
figure 18a.

She seems to know that wires usually
appear in real electri-

cal circuits but the "flow-through" contribution
made by such conductors,
at least according to the action in which her use
of the wires bypasses

the bulb, has not been completely assimilated.

But it is also possible that Ellen is operating via a
Circuit model

and is unable to articulate her use of it.

Therein lies a weakness of

this research tool - the reliance on verbal information.
It is not necessary to rely completely on her verbalization of the

model being used.
tion to

f irst

Taken along v;ith the evidence just cited, an inclina-

connect the bulb in a Sink-type circuit signifies to us

that Ellen may be described as transitional between models at this time.

Other Naive/ Beginner Clinical Subjects

.

Of the entire group to whom this "can-you-light-the-bulb" question

was administered in a clinical setting, the background of four was similar
to that of Steve (Naive), and a group of thirteen subjects whose back-

ground was similar to that of Ellen (Beginner)

.

At the time of their

interviews, this latter group's members were in the second or third week
of a semester which began with the study of static electricity.

A third

subgroup, whose eight members were Experienced, had been into current elec-

tricity for at least two weeks.
section.

This last group is discussed in the next
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Including Steve and Ellen, two
Kalve and three Beginners
were unable
to light the bulb.
One additional Beginner
(besides Ellen) clearly

suc-

ceeded by chance.

The most interesting fact to
emerge from the analysis

of these protocols is that
there was no clear distinction between rb.

failure paths of the Naive subject s and
those of the Beginners

For ex-

ample, two Beginners and the Naive
subjects (other than Steve) begin with
an attempt to light the bulb with a
configuration similar to figure 18c
(a

single wire between the battery's positive
terminal and the bulb’s

center connector).

One of the more telling comments was:

We have to find a way to get the charge from the
battery to the
bulb."^

Other opening arrays were created by connecting separate wires
leading
from each battery terminal to the same point at the bulb.

When two wires

were used, the concern for the bulb's failure to light was always focused
on the battery rather than the bulb.

One subject remarked:

...Maybe this one has to be grounded..." (referring to the wire
connected to the battery's negative terminal.)

Perhaps, the strongest evidence pointing to the existence of the Sink

Model for the battery-bulb problem is a tendency on the part of many subjects to predict that the bulb, even though seen eventually to light, will
not light if the polarity of the operating circuit is reversed

.

Only one clinical subject of those who originally missed being able
to light the bulb, correctly predicted the results to this question.

It

is reasonable to expect that such students, not able to light the bulb,

should also not know about the apolar nature of purely resistive devices

^Subject

//66

^Subject

//64.

(Lisa).

First of two interviews.

Line 35.
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in D.C. circuits.

But, having at least observed
an operating circuit,

the reason often cited Is similar to
Harry's, whose recorded Interaction

with the Investigator regarding the
polarity-reversal question follows.
Harry was one of those Naive students unable
to light the bulb.
Lines 111 to 129 are included to demonstrate
the extent of tutorial

work with this particular subject.

The reader’s attention is parti-

cularly called in line 13A where he gives the basis for
his prediction
that the polar reversal of the bulb's orientation will
not work.

Subject #61.

"Harry".

Interview held on October 23, 1978.

Second year

Engineering major; first semester physics (mostly mechanics)
Lines 1 to 111:
(time elapsed:
4 minutes)
Subject makes up various
combinations of wires, the battery and the bulb but all attempts involve
only the positive terminal of the battery; never the negative terminal.
112.

S:

The kid is lost.

113.

I:

Alright. Let me help you out a bit. Now if I touch this
(places center contact of bulb atop positive terminal of
battery) and you did that. Right?
(S: nothing happened)
Nothing happened. Now if I did this I'm going to set that
battery on top of a wire what do you think I'm going to do
now?

—

—

—

114.

S:

You're going to bring this up to here (motions indicating
shorting the battery with the wire) and touch down (motioning placing the bulb atop the wire at the battery's
positive terminal) no? That's my guess.

115.

I:

Your guess is that I'm going to take this wire and just
bring it over here. Right?

116.

S:

And put the bulb on it.

117.

I:

And then put the bulb on top of that (configuration
Right?
in Fig. 18a results).

118.

S:

Which obviously doesn't work.

119.

I:

120.

S:

shoc^rn

But, what if I do this (removes wire
It doesn't work.
connection to positive terminal) and put the bulb on there
(configuration now resembles Figure 19a).

solder,
And hit the soldering part (pointing to the small
spot on the side of the bulb s case); no?

Ill

121.

I:

O.K.

122.

S:

There we go.

123.

I:

What happened?

124.

S:

Electricity is
through the wire and - see
soldering part and it lights.

(bulb lights).

—

- you hit the

125.

I:

Let's see if I do this (moves the wire
to another part of
the brass case).

126.

S:

Oh it doesn't have to be the soldering
part
any part of the yellow

127.

I:

Is it alright if
portion)

128.

S:

No that doesn't work.

129.

I:

That doesn't work.

130.

S:

that bulb part has to be touching the top part of the
battery.

131.

I;

Well, let me ask you this.
If I did this
I'm going to put
this wire down there on the bottom end and
(makes up circuit like that shown in figure 20).

132.

S:

And you're going to ask me if its going to work. Right?
(I:
Right.) Want me to predict? or, are you going to show?

133.

I:

No.

134.

S:

I

135.

I:

You would say no.

136.

S:

well
Because I think the top part is what
the top
that part (pointing to the positive terminal) is what supplies
energy to the battery to the bottom part of the bulb.

I

— it

can be

touch it (the wire) over here (the glass

Right?

So,

—
—

I'd like you to predict.

would say no.
Why do you say no?

—

—

—

—

137.

I:

And since this (holding up the bottom end of the bulb) is on
the bottom part of the battery

138.

S:

It won't have anything to do.

my prediction.
139.

I:

(begins completion of circuit)

140.

S:

I

don't want to see this.
(both laugh)

I

could be wrong, but that's

112

1^1.

I:

So?

1^2.

S:

I'm glad that this isn't a
course.

Discussion of Harry's Protocol

.

In cognitive science, "resilience"
is a term used to describe
con-

ceptions which seem to re-emerge, or
bounce-back, even after reasonable
instructional efforts have been made to
counter the particular cognitive
construction.

I

am not about to argue that a serious
effort was made,

during the tutorial portion, to demonstrate
the reversibility of resistive elements in a circuit.

I

shall argue, nevertheless, that an attempt

was made to teach the concept of the need for a
complete conduction path
in an operating circuit; that the bulb will not
light if one of the wires
is attached to the glass envelope,

for example.

(line 127)

Reviewing the tutor-investigator's words and actions, no mention
was
made either of the battery’s positive or negative terminals or of the

peculiarity of the orientation of the bulb.

This particular tutorial ap-

P^o^ch, which consists of showing and describing a particular concept via

correct configuration, is a common one used by practicing teachers.
Yet, Harry seemed to pay little attention to important circuit character-

istics with his prediction that any operating circuit must allow for a

flowing-in of energy to the bulb from the positive end of the battery
(line 136).

A careful review of the videotape of this interview suggests that
Harry was paying attention during that tutorial stint.
replies reported in the transcript bear this out.

conception just described, and which

I

The subject's

Thus, I feel that the

have called the Sinx Model, can

be a rather firmly-rooted one in some students.

Sketch of Circuit Used to Investigate
Polarity Conceptions

Figure 20
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Other Evidence of Resilience

.

In reviewing the records of
interviews with nine Experienced
students

(experienced as already described), all
were found able to light the bulb.
There was no observed deviation from the
operations and language which are

generally assumed to be assimilated by students
at their level.
of additional evidence relating to the
resilience of Sink Models,

In search
I

looked

for Experienced subjects’ attempts to add a
circuit element with either

one lead or at the connecting point.
One subject, #66, "Lisa", who was found to follow Steve’s
pattern of

unsuccessful bulb-lighting attempts (Fig.

18)

during an interview, was

asked to return after she has experienced a few week’s laboratory and

course work with problems in direct current electricity.

Lisa is an able student of record

A average in physics.

j

3.42 overall grade point average,

Found able to correctly discuss the application of

Ohm’s Law and Kirchhoff’s Laws to a series circuit made up of two external

resistances and a power source during the second interview, she nevertheless provided interesting data for our Sink model resilience hypothesis.

Noting that Lisa was staring quizically at the meter, when asked

to

measure the "voltages" she had already described, the interviewer asked
what was bothering her.
'

I

The response was:

was wondering wh y the meter has two leads.

'

She went on to describe her plan to measure the voltage drop across each

resistor, determine the potentials before and after the device, then
subtract.

Expert physicists would not disagree with such a plan, but

they would also be quick to point out that the usual approach to deterelemining potential drop is one which involves the addition of a circuit

ment

— voltmeters must

be seen as participants in the circuit.
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Other subjects fell prey to a
misconception which
some way.

^

be related in

Some people attempted to measure current
through

a

circuit

element by connecting the ammeter in parallel
to the element in question.

Even with the observation of unexpected variances
in meter reading, the
subjects did not seem to be aware that their actions
altered the circuit.
This provides another example of students’ reversion
to a Sink model;

though in other situations they appear to have completely
incorporated a
Circuit model.

The ammeter is a "passing-through" element and must there-

fore be considered a circuit participant.

The point just raised may be

thought of as a "mirror- image" version of the issue at hand.
image"

I

By "mirror-

mean the element-by-element reversal of materials and operations.

Investigations with Larger Groups of People

.

A written interview, the sample for which may be found in figure

13

of Chapter IV, was administered to 57 students who are currently enrolled
in an introductory engineering course.

Most of these students are also

enrolled in the first semester introductory physics course.

These stu-

dents have had no formal exposure to electricity at the college level and
have been considered part of my Naive subgroup.
The results of the checked -off responses make up figure 21.

Neither

No

The bulb of

The bulb of

Both

case a

case b

will light

will light

response

Total

will light

will light

5

19

12

18

3

57

Figure 21
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When reviewed, the essay
responses were found to exhibit
an interesting connnonallty.

As,eng those people who
claimed that the bulb of case

would light While the bulb of
case

complete circuit

(a)

would not,

in their explanation;

to be complete, while that of
case

(a)

fl«

(b)

used the phrase

they saw the circuit of case
(b)

to be Incomplete.

Three people

saw the bulb in case (b) receiving
both positive and negative charges,

while that in case

(a)

receiving only positive ones.

The use of the phrase, "complete circuit",
was even more prevalent

among those who thought that the bulbs would
light in both cases.

Here

seven relied on the words as the basis for their
response.
The comments accompanying the choice of case (a) as
the one to light

could not be so clearly grouped.

Discussicn of Group Results

.

When all inappropriate choices were grouped together, two-thirds of
the group of 57 respondents answered our survey question incorrectly.

Examining the subjects* view of the role of the battery, a clear majority
was able to recognize a need for the circuit Involvement of this device.
A reasonable presumption would be that inappropriate conceptions about
the circuital nature of the battery's participation in operating electri-

cal arrays are less prevalent within the group than are those conceptions

which relate to the bulb.

It is possible, and this has not been investi-

gated to any reportable extent, that the "plus" and "minus" labels have

suggestive qualities.

Certainly, the absence of a need to involve the

bulb as part of the circuit can be considered a widespread preconception

with this group of people.
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Chapter Summary and Conclus
ions
It has been proposed that
if a person has assimilated
the Circuit

model of operating direct current
electric circuits, there will be
a
general recognition of what we can
now call the "passing-through"
requirement.

That is, whenever an element is
either part of, or added to

this kind of circuit, the device must
include an "in" and an "out".

And

it must also be true that if a device is
connected so that it allows a

conducting path for passing through, then it must
be considered

a part of

the circuit.
It was true that all experienced students were
able to light the

bulb.

But,

to single out that feat as proof that standard
course ex-

periences will likely overturn any existing Sink/Source preconceptions
would be an error.

For,

the additional fact that these same experienced

students often failed to apply the passing-through property of elements
in operating circuits which are even slightly complex (adding a meter to

an operating series circuit, for example) suggests that my contention,

regarding the conceptual depth of student Sink-Source models, is

a

reason-

able one.
That the Sink preconception was found to exist among college students

comes as no great surprise to me.

Tiberghien and Delacote (1976) asked

the question discussed in this paper of ten young French people ranging
in age from

7

to

13^1

and found similar preconceptions to exist there.

Six of their subjects tried to light the bulb using one battery terminal
(the positive) and one bulb contact

(the lead button on the base)

.

This

French study was based on clinical interviews also.
The transcript of a subject who has been tutored somewhat on the
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lighting of a bulb was presented
and it was demonstrated there
that the
Source-sink rK,del of operating electrical
arrays is cognitively resilient.
Certainly, the Investigator was not
explicit about the passing-through

characteristic of operating circuits.

That particular failure on the

"tutor’s" part is discussed more fully in
the final chapter of this thesis.

Briefly stated, for now, teachers cannot assume
that students will deduce
important system characteristics by simply observing
(even actively) the

system in operation.
The lingering problems, which many experienced teachers
find to exist among the more Experienced (as

I

have used this label) students inso-

far as the use of meters is concerned, may be part of the Sink-Source

model resiliency.
It was noted that the Sink preconception exists at a variety of age

and educational levels but little was uncovered which might provide us

with insight about why it is so strong.

However, if we are to believe

that our conceptions are the results of our life-long encounter with our

environment, then we must consider the experiences with electricity in our

daily lives as the culprits.

This latter issue also will be considered in

the conclusion chapter.

There is a definite need to explore the can-you-light-the-bulb ques-

tion with larger groups of people, working simultaneously for greater

efficiency in data gathering.

The initial studies reported by Thiberghien

and Delacote indicate that success is infectious; once one person succeeds,

an avalanche of success follows throughout the remainder of the group, and
these Investigators felt unable to distinguish the copiers from the inventors.

Having experienced the same avalanche with college students in

teaching situations,

I

foresee some difficulty with interpreting the
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results of observing a group of
subjects working
bulbs questions.

.rtth the

batterles-and-

CHAPTER

VI

INTERMEDIATE CIRCUIT CONCEPTS

Polarity and Proximity

Introductio n.
In the previous chapter,

I

argued that learners, at the leyel being

considered In this study, must be made more aware that the "passing
through

property Is a first-order operating electrical circuit requirethis chapter,

to

I

shall present and discuss data which relates

two additional basic characteristics of electrical circuits.

I

found

a significant number of students, who, having demonstrated an appropri-

ate level of understanding about "passing through", went on to display

interestingly inappropriate conceptions about, what
label. Polarity and Proximity.
I

I

have chosen to

As a result of an analysis of the data,

have concluded that Polarity and Proximity are topics which should pro-

perly be considered early in coursework relating to electrical circuits.
As used here, the term "Polarity" is a reference to that mental process whereby a person uses either the conventional positive to negative

current-flow model, or the conventional negative to positive electron
flow model, to predict the behavior of a circuit element.

The tern,

"Proximity", is used in reference to that mental schema in which the

individual conceives of the flowing substance (be it electricity, current,

energy, power, or whatever) as dying out in space or time.

Virtually everyone, at or beyond the understanding of physics level

which

I

have studied, approaches electrical circuit problems with some

sort of "flow" model.

circuit behaviors.

Flow models in electricity predict many operating

of the
But novices, unlike the experts who are aware

120

121

UeRorlc»l ..p„ctB of flow modeU. often Import

o

level of re.llty to

the concept of electrlcol current flow which
wo. never meont to be,

Re-

collinK the dl.cu.8ion about "Bottom Line" onoly.i.,
which look pi.ce in
the Introductory Choptcr to thio the. is,

tlie

feet th.t .dvnnced .tudenl.

and practicing phyalclstB Beem to be able to predict
properticH of clr-

cultB properly, early tendencies toward rellnnce on Inaccurate or
Incomplete operotlng model

Beema to be of no consequence.

b

These considera-

tions may suggest to some that we should not be concerned about novice use
and development of such

a

model.

My observations and analysis Indicate

otherwise.

There are strong indications that, as some novices develop their flow
models, these students include features which result In predictions of

serious consequence.

For example,

1

have found some of them, able to both

light the bulb and provide reasonably accurate Llieoret leal analyses of

operating circuits, nevertheless display definite misconceptions regarding
placement and orientation of the energy source wltn respect to the circuit
elements.

Source

s

of Da^a.

The data for the discussion to follow was derived mainly from subject

responses to three questions.
1.

These questions were:^

Will the bulb light If its electrical pole orientation Is re-

versed?
2.

The Two-Buib Paradox Question.

3.

The Potential Divider Question.

To examine students’

conceptions regarding the relative importance

Chapter 4:
‘The.. quvRtion. are dc.crlbed In

Overview of the Study.
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of an element's polar orientation
or phy.lc.l placement In a clt.nlt.

turned to expreaaed reasons for response,
and actions

partlculnr questions above.

ultl, reRar.l

I

to the

Upon codifying those reasons, three
m.dn

catPRorles of explanation emerged.
The first category Includes what has been called
the Sink Model here;
these conceptions were discussed In the last chapter.

Respondents placed

in this category expressed a belief that the primary
circuit requirement

was

a

direct connection between the element and the source of charge or

current.

The other two categories are the Polarity model and the Proxim-

ity model - to be discussed now.

The three questions. Just listed, served

as data sources for other areas as well.

The Two-Rulb Paradox, for example,

was also useful in providing information on Ideas held about another important,

and still more advanced physics principle, Klrchhoff's Rules.

Dis-

cussion of the finding relative to these circuit analysis tools will be
the topic of the next chapter.

Although conservation of cvirrent (one of

Klrchhoff’s Rules) is generally used as an argument against notions of
physical proximity, subjects who

I

have identified as relying on this last

model do not seem to have advanced to the stage at which current "loss”
is a consideration.

Polarity

Prior to knowing about the data surveys to be discussed, my precon-

ception of students' reactions to

a

question about polar orientation

was typltled by the transcript wliich follows.

Subject

//59.

"Erica".

Second semester physics student; interview

current electricity, but
Is taking place prior to course work in
wiring.
subject mentions experience with theatrical
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I:

I'd like you to light
the bulb.

S:

(picks up bulb one wire and
battery) Alright. Well
this
one Is simple, it doesn t
matter which way the current
is
going.

It

Alright.

S:

Thanks,

I:

Okay, so you want me to hold this
wire here—
(directed to place wire in contact with
brass case)

S:

And that one to that point
(directs investigator to touch other battery
lead to bulb's
center contact)

I:

And that one here,

8.

S:

That should be (unintelligible)

9.

I:

Alright (bulb lights)

10.

S:

Now it goes either way, just to show you
(reverses battery connections and bulb lights)

I:

Alright, so (laughs)

St

So it doesn't matter which way the current goes.

2

.

7.

11.

12

.

I'll help you here
1

think

I

need two more hands.

(wire is touched to battery terminal)

But, upon undertaking a review of

tabulation of group written surveys,

I

1J_

clinical interviews and the

was able to conclude that a signi-

ficant number of students, unlike Erica, have both preconceptions and mis-

conceptions about the role of polarity which could preclude their turning
to the likeliest reasons for a given electrical circuit not behaving as

expected.

It is students in this latter group who make up the group to

be discussed now.

One test for determining the worth of examining
tion is its appearance in Experienced

a

particular concep-

students since, if Inappropriateness

continue the use of Naive, Beginner and Experienced as already described.
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of a concept Is noted at
this level, moving through
advanced material can
be seriously retarded.
For this reason. I would like to
first discuss the

findings among this particular group.

Ir.ergy Source P olarity and Experienced Student s

Among the seventeen interview subjects
classified Experienced, (including three case study subjects whose later
interviews fall into this
category) five were found to question whether or not
source polar orien-

tation should have some effect on the operation of the
various elements
in a purely resistive D.C. circuit.

I

found the incidence, which ap-

proaches 30%, to be significant for several reasons.
First, when examined in this particular level of student, we must

realize that we have a significant misconception at hand.

Second, my

sampling of this level student had better-than-average grades, thereby

suggesting a higher incidence of the misconception among the population
at large.

Lastly, the matter is one which, if dealt with explicitly, can

be learned rather easily and efficiently.

The following edited protocol, largely in the form of significant

episodes, is presented as an example of the emergence of the circuit-

element polarity misconception in a student who has almost reached the
end of the physics course in electricity.

Note that the problem appears

as soon as the circuit becomes just a little more complicated; a two-

bulb circuit versus a one-bulb circuit.

Subject ini.

(Approximately

"Karl".
6

Interview date:

4/23/79.

week experience with current electricity.

Has com'

with
pleted an engineering course with extensive laboratory work
D.C. circuits.

Cum. Ave.

:

2.54)

125

Episode A
1.

I:

(Presents subject with
can-you-llght-the-bulb question.)

2.

S:

Want to put some sort of current
through there"
(uses two wires) "hope there s
still some voltage in the
battery" (bulb lights)

Episode B
1.

I:

(Asks about reversing polarity of
source with respect to bulb
connecting points.)

2.

S:

(Shrugs) "it would light up again"

3.

I:

"Would there be any difference?"

4.

S:

"No"

Episode C
1.

I:

(Presents subject with Two-Bulb-Paradox Question)

2.

S:

First action is to reverse the wires with respect to the
battery

3.

I:

(Interrupts subject's action) "Before you do it, could
you what you are interested in finding out here?"

4.

S:

"If this one (unlit) lights up when I do it this way.
First
I was going to see if this bulb is working and then if it is
working then I*d wonder if the positive and the negative has
anything to do with it and even then... I don't know.
(Observed
that action taken has no effect on circuit operation) (short
pause) Can I change the bulbs?"

5.

1:

"Um-hm...do anything you'd like."
(Bulbs positions in sockets are ir. erchanged and circuit is
The formerly unlit bulb remains unlit.)
retested.

6.

S;

"I would assume that this buib doesn't work."

ask

.

Episode D
1.

1:

(Counter suggest (3rd person) that bulb is burned)

2.

S:

"Yeah"

3.

I

"It might be burned."

(Checks bulb alone; bulb lights.)
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4.

"I'm lost."

Discussion of Karl's Protocol

.

Since this question Involves a seriously
discrepant event for the

student, my Interest Is always In examining what
the subject does first

.

As noted In Episode C, line 2, Karl's Immediate
reaction Is to consider
the possible effect of reversing the polarity of the source.

The signi-

ficance of his doing so Is even more noteworthy In light of his actions
and responses as recounted In Episodes A and
I

B.

would like to discuss this protocol In terms of the sequence of

cognitive events associated with

Charlesworth (1969).

a

"surprise" stimulus as described In

The first cognitive operation related to an antici-

pated physical event, labeled the associative phase. Is one which relates
to previous experience.

Accordingly, we expect Karl to Intlally predict

that both bulbs will light.

The next cognitive event Is assimilative In

that Karl observes circuit being made complete (by the Investigator).

Instead of the expected stimulus, Karl Is confronted with a "surprise
stimulus":

only one bulb lights.

Charlesworth suggests that one characteristic of a persons' reaction
to surprise Is that they

(the reactions) are "autonomlcally mediated" and

less apt to be the result of "Instrumental conditioning" (phrases In

quotes are Charlesworth' s)

.

My conclusion Is that Karl's successful

of
lighting of the bulb, and, successful prediction about the effects

circuit elereversing the battery connections In the case of the single

ment, have
circuit.

electrica_l
been assimilated as propertie s of an operating
no match Is
As a consequence of not being thusly assimilated,
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made to the problem of the two
bulbs.
As Indicated in the sequence of
statements and manipulations as

described in line

4 of

Episode C, Karl is not resorting to an
extension

of the operating circuit and polarity
schema which he applied to the

single bulb question; this schema (they are
possibly two different
schsinss)

IS confinsd to those events.

It is possible that although Karl has had
at least as much experi-

ence with electric circuits as one normally finds in
engineering students
at this level, he is yet to engage in higher level
cognitive processing

in the period following the "surprise event" during which
the surprise

or novelty aspect is expected to erode or wear off.

Lest we become depressed at the thought that Karl’s typogene is

destined to react as described here, Charlesworth does indicate that

other options may be made available to such

a student;

in other words,

it is possible to teach people how to accommodate existing schemata to

surprise stimuli.

Evolution of the Polarity Misconception

.

In most cases of Experienced students whose responses indicated the

existence of a problem with polarity, it was quite difficult to pin down
the source of the subject-held conception.

Was the difficulty a result

of strongly held inappropriate preconceptions?

Was it a result of con-

ceptions which appeared through formal course work in electricity?

Or,

was the difficulty related to the subject’s failure to engage higher level

heuristics?

Reviewing and discussing protocols of interviews with subjects at
various levels of course experience may not provide us with a definitive
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answer to this <,oe,tlo„. but
the ptoees. ..y provide
considerable Insight Into the issue of the
genesis of the problen,. Working
In reversed
chronological order.

view with

whom

I

a

1

would like to begin this section
with an Inter-

person who might best be described
as an advanced Beginner,

will call, "Richie".

Richie had taken an electronics course
in high school which he claims
not to have taken very seriously.

He was able to light the bulb but,

in-

terestingly, he first connected both wires
to the same place on the bulb.

Upon observing that this particular arrangement
had no effect, he changed
it

to the standard working circuit stating that
the bulb was not part of

the circuit in his first attempt.

That kind of remark suggests that he

has assimilated the "passing through" requirement discussed
in the last

chapter.
Also, the following verbatim statement taken from the protocol of

his work with the Two— Bulb— Paradox Question will help broaden our under—
st.inding of the level of his understanding of electrical circuits.

//57A.

Richie:

Interview date:

9/21/78

(He had Just been presented with the TBP Question.

His first

action was to reproduce the completion of circuit as demonstrated
by the Investigator.

He next connected battery leads only to

the bulb not seen to light.)

76.

"...If this didn't work (lighting of bulb by connecting battery
leads to this bulb-base only)... if this didn't work at all... if
it was fused closed or something then uh it wouldn't light... if
it

was an open circuit, then this (the bulb seen to light) wouldn't

light either - because it couldn't - there was no flow of electrons
so - on the other hand... this one... I'm surprised that this one
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(the unlit one) doesn’t light
at all so check this out...
so It has
to go through this circuit...
no matter

what."

On being presented with the Potential
Divider Question

ing protocol resulted.

The important line is number 6.

,

the follow-

The meaning of

his remark may be better understood by referring
to figure 29 in Chapter
VII.

Subject
1.

I;

//57A.

"Richie".

Interivew Date:

9/21/78

"Read the problem aloud and

Potential Divider - is a device which can be used to operate a
low voltage device with a fixed and higher direct current-voltage
source.
An example of this Is the operation of a 6 volt tape
recorder by plugging it into an automobile cigarette lighter
outlet.
This supplies 12 volts.
Schematically it might look
like this; explain how this will do the job. Okay.
(long
pause) Alright, now
You have the 12 volt source and you
want to modify that till it acts as a 6 volt source for your
tape recorder.
Now there's a pile of resisters here. Okay,
gee it looks like it would go like that.

5.
6.

3.

I:

It looks like it would go like what?

A.

S:

It depends

I:

Conventionally in a schematic, the long line on the thing is
positive.

S:

If it were the other way around and the current
Oh, oh well.
flows from the negative pole to the positive pole then it would
go directly to the tape and blow it because there is no resistance here.

7.

I:

Uh, huh.

8.

S:

—

is this the negative pole or the positive pole?
(referring to battery symbol in schematic.)

But since its directed this way, (in the reverse direction), it
has to go through this resistance and uh it continues and it
will go to the tape, like that and then a small fraction of
will go
that current will go through here and the two of them
whatever
volt
12
original
through to make up that again. The

the current was.
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9.

I:

Now why would you say that most
of it would go through the
tape
recorder?

10.

S:

It will follow the path of least
resistance and there's no reslstance there and there is resistance
there.

11.

I:

I

12.

S:

"So, in other words, it seems that after
it passes through this
resistance it should have close to 12 volt potential,
I mean 6
volt potential. Now how it does that, I don't
know."

see.

Okay.

Discussion of Richie's Interview
Unlike Karl
lus.

s

.

situation, Richie's did not involve a "surprise'' stimu-

The Potential Divider question was a rather straight-forward pencil-

and-paper question presented much like that which one might find in a

homework or test— quiz situation.

Clearly, Richie lapsed into a micro-

analysis of the circuit to predict a different result with a reversal of
the battery's polarity.
6

This conclusion is based on his statement in line

.

One must bear in mind that Richie made several appropriate remarks

about operating electric circuits.

The material describing his lighting

of the bulb and the excerpted verbatim statement concerning the Two-Bulb

paradox, which are both essentially correct, suggest that the polarity

misconception is more advanced than the "passing-through" conception
which was discussed in the previous chapter.

I

shall discuss the cogni-

tive implications of Richie's interview in the next chapter.

Richie's

actions and responses are difficult to analyze solely from the point of

view which relates to polarity-proximity; we must include students'
circuit
choices to elect macroanalytical or microanalytical heuristics in

analysis.

This latter topic is discussed in the next chapter.
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Pr oximity:

Is It a Separately
Identifiable Mox.l

^

Upon noting that many
respondents In the written
surveys (to be discussed later) had
Parately suggested "polarity"
reasons and "proximity"
reasons for observations made of
the Tuo-Bulb-Paradox circuit
In operation. 1 examined all of the
Interviews carefully 1„ order to
explore the
possibility that subjects might adhere
to one model or the other
over an

U

extended (more than five or ten minutes)
period of time.

I

now believe

that, although these two models are
not necessarily found together, sub-

jects often display actions or make statements
which make it difficult
for an investigator, to state, with reasonable
confidence, that the in-

terviewee is guided primarily by one or the other.

An example of this

kind of ambiguity may be found in the following transcript.

Although

somewhat lengthy, the unedited, unshortened version of the interview
is

being presented here to help the reader share my sense of inability

to

separate this particular student's polarity and proximity misconceptions.
The key sections are lines

Subject #71.

"Jack".

5-8,

line 26, and lines 40 - 52.

Interview Date:

4/17/79

Currently enrolled in 2nd semester Physics (electricity) Engineering
Major.

Subject is presented with question #16 - "The Two-Bulb Paradox"
1.

I:

Yea, why don't we focus on that...Uh That one lights and that
one doesn't. Right?

2.

S:

Right.

3.

I:

Urn.

4.

S:

(sigh) .. (long pause.
the battery)

Why, why does that happen?
..

suddenly exchanges the lead wires from
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5.

I:

VJat are you?...uh excuse me before uh...oop!
What were you trying to find out?

You did it

was

6.

S:

I

7.

I:

What were you thinking?

8.

S:

I

9.

I:

Uh huh

10.

S:

The

11.

I:

Well, tell me more about that, what did you have in mind?

12.

S:

Well, at least

13.

I:

Uh huh.

14.

S:

Because this, well, maybe this has nothing to do with it urn...
I was thinking maybe it has something to do with the position
this is in.

15.

I:

Uh huh.

16.

S:

(Tracing a path through the air, beginning at the battery terminal) That this is plus minus .. .minus plus.

17.

I:

I

00

S:

And if
might

was thinking. ..the other way

.

.

Now uh

.well

I

think

I

know the current goes this way.

see

.

I

switched it around .. .maybe this will

this one

.

then what happened?

19.

1:

Okay.

20.

S:

This one still went on.

21.

I:

So.

22.

S:

23.

I:

What do you mean dead?

24.

S:

mean the bulb's dead. Unless it needs more power
circuit.
bigger bulb.
1, I know I've got a complete

25.

I:

You're sure of that?

CM

S:

Ar.d

The dif... There goes that theory out the window, urn (long
So why doesn't this one light up and this one does?
pause)
Well, I know it has to be a current going through because you
So it has to. .. something must be dead
need a complete circuit.

I

or a

it just came from
(pause) No, I'm just guessing, uh I imagine
and
(draws circular path between lit bulb
over here and back.
(conversation jumbled).
long pause.
battery)
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27.

I:

anythlr.g you like, feel free
to mess around
is it you want to do now?

What
^

with— uh

28.

S:

I

29.

I:

Before you do it I'd like you to tell
me what

30.

S:

Okay, I want to find out if uh if
going around like this.

31.

I:

Uh huh.

32.

S:

Or its just from here to here.

33.

I:

Could I just do something? Let me get you uh a
little handful
of wires here alright? And then. .you know these
have clip
leads on them.
And then uh I also have a battery in a case.
So that we didn’t have to hold wires if you'd like, ok.
So
feel free to use any of these things that us...

want to see

I

can hook... if it is indeed

.

34.

S:

This doesn't make... well, I'm just going to do this.

35.

I:

Ok, now I did interrupt you and I'm sorry uh you were telling
me what you wanted to try.

36.

S:

Well.

37.

I:

That was like that right?

38.

S:

Took it out.
Because I wanted to see if.. .if
out if there's current going all around here.

39.

I:

Okay.

40.

S:

So then I'll know... that there is current going through this
'cause right now I'm not sure if there is current going through

And you took it apart.
I

want to find

here.
41.

I:

Okay.

42.

S:

So

43.

I;

You're going to do that?

44

S

.

.

.

.

(long pause)

It's not hooked up all
There's nothing.
So nothing happens.
So everything has to
Alright ,... so that makes sense.
around.
be hooked up.

45.

I;

Hm.

46.

S:

I

can't have this. .but. .. let me see if
if this interfering with this.
.

I

uh con-.

Let me see

D
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47.

I:

48.

S:

49.

I:

Okay.

work... okay then the only
thing I can —The thing I think of
right now is uh this thing’s
soaking up enough juice so this one is
on. but I just can’t lee
it.
I mean when it s hooked up
that there’s only enough current for this one to go on and not this
one.

Well, what do you mean by soaking up?
soaking up?

Wh, what is it that it’s

Uh charge uh (long pause) well, its current. What
is it?...
charges per second coulombs per second... is going through
here.
Let’s say I've got five coulombs per second coming through
here
alright.

Yeah but that doesn't make sense because I know I have five
coulombs here and I know I've got five coulombs over here. .so
what's making that go up and this not go down?
.

Discussion of Jack's Protocol

.

Chronologically, Jack should be classified as an Experienced subject
but,

in terms of his overall understanding of electricity, he is probably

more properly called a Beginner.
He seems to have assimilated two important concepts which are dis-

cussed elsewhere in this thesis:

The ’’passing-through" requirement (line

22) and the conservation of current

(line 52).

Yet he seems to be haunted

by the possibility that polarity has something to do with the curious

phenomenon that one bulb lights and the other doesn't (lines 5-18). Many
people were found to do the same thing at the outset as Jack did:
the connecting wires (lines 4 & 5)

.

Consequently,

I

switch

tried to be alert to

interthe possibility that subjects might exchange the leads intended to
the person
rupt the subject's experiment, so as to probe the reason for

particular action, but

I

wasn't quick enough in this case.

s
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In line 16, Jack has attributed
a particular polarity to each
of the

bulb bases and, in line 17, he implies
that the circuit might operate differently with an exchange of the connecting
wires with respect to polarity.

There appears to be a cognitive tug-o-war
between his conservation-ofcurrent schema and his role-of-polarity schema;
for, although he implies
that current may never get beyond the bulb seen
to light (line 26), he is

still looking for a "complete" circuit (line 22).

Thus, we appear to have

a person who exhibits tendencies to hold both the
polarity and proximity

misconceptions.
In looking for evidence of the proximity model in interviews,

I

ex-

amined subjects' uses of phrases which implied that "something", (be it
"current", "energy", "power", "charge", or even "juice") never got past
the bulb seen to light.

At first glance, if not related to sink models

,

this conception may seem to be more a function of charge conservation or

Kirchhoff's Rule relating to currents and junctions.

For this subject,

though, suggesting that the problem is charge-conservation related is not

substantiated, because of his repeated statements to the contrary (lines
22 & 52).

Jack's collective statements and actions do point to a possible

existance of both misconceptions regarding polarity and proximity, and
such a sense of vagueness is closer to my own position on the nature of
the model as conceived by students:

nearness to source has some relation-

ship to extent of participation in a circuit.

When asked for quick,

is the case
shoot-from-the-hip explanations to the Two-Bulb-Paradox, as

of the written survey,

responses
the incidence of "pure" proximity-type

among this latter group is quite high.

will be discussed next.

Results of these written surveys
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Summary of Responses to Written
Survey on

The Two-Bulb Paradox
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8

2

4

8
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36

Group II^.

8

5

5

6

4

24

37

5

7

5

3

10

21

40

Group III

3
.

*Sample responses from each category may be found in Figure

23.

1.

Group

2.

Group II was similar in make-up to Group I; these people were simply
in another section of the same Engineering Course but these
students did not see the actual operating circuit. When the
demonstration was attempted, the circuit was non-operative
because of a faulty bulb and no replacement was available at
that time and place. The Investigator described what one
would observe in the operating circuit and asked the students
No mention was
to explain why such an event might occur.
made about which bulb would light.

3.

I

consisted of 36 students from an Introduction to Engineering
Course.
They are all currently enrolled in first semester
Physics.
Subjects in this group actually saw the operating
circuit.
Bulb B lit.

Group III was made up of students enrolled in the second semester of
At the
a Physics Course directed toward Engineering majors.
time of the survey, they had just taken an examination on
work
electric fields and capacitors. They were about to begin
with D.C. resistive circuits. Bulb A was seen to light.
Figure 22
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Unedited Sample Responses to the
Written Survey on
The Two-Bulb Paradox
(all strike-overs are students')

Made Reference to Proximity Only
III-22.

"Bulb A would light since it is the first
resistance encountered."

1-12

"The bulb that is closer to the battery absorbs
the electrical
current first thus leaving a minimal amt. left for
the other
bulb.
Also the amount of electricity obtainable from the
battery
may not be enough to light both bulbs but only one - the
closer
one to it."

Made Reference to Polarity Only
III-3A

"Light bulb 'A' will light because it is connected directly to
the negative
terminal, electric flow is +
-. If you turn
the battery around so that the negative terminal is connected to
'B' then 'B' will light."

—

Made Reference to both Polarity and Proximity
III-19

"Since positive charges are attracted to negative charges, the
charge comes from the positive terminal of the battery to light
Bulb B, Because it is closer to the Pos. Terminal as it has more
Electric Potential."
(Note:
Bulb A was seen to light in this group.)

III-28

"If the battery were turned around the other light would go on
instead of
There are two concepts at work here: resistance
and electron flow.
Flow is' from
to
(of the battery)
(g)
and the wire and both bulbs provide resistance. The complete
circuit allows A to light because it is the first to be hit
by the electrons.
This is an area of high energy loss and resistance. Although electrons pass through
they are not of
high enough quantity to light the filament. They are lost to
heat.
Why does
it usually travel from
to O?"

©

©

Need both + and - connections to operate

III-23

"Possibly; if the bulb needs both pos & neg e to light (A was
the one that was lit) probably A lit because it got the e easily
from its Right and the positive thru B from its left; but maybe
B doesn't light because it can give A pos e“ faster than the neg
e~ can be given to it (Because the pos e“ are closer) and once A
its' "balanced" and can't get e” thru to B for it to
gets lit
light."

Figure 23
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11-15
^
set-up above one of
the bulbs is gettinc a '+’ anH^'
ting a double charge '+- and
’+''or"'!^®Lr'-''’\eca"
is only one wire between
them and this wlJe would braMe ^r'
therefore supplying
o only
uue bulbs
/ one of the
duids
wlth^a°"l^
With
a plus minus
,

charge."

Figure 23 (continued)
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W ritten Surveys of Naive and
Beginner Students.
Written surveys are useful in that the
larger numbers associated
with such an investigative style allows
for the testing of possible
idiosyncracies in the interview findings.

In the group results reported

in figure 22, it will be noted that about
one-half of each group tested

felt that either proximity or polarity is a
decisive factor in determin-

ing the operation of the purely resistive circuit
presented to them.

Sample subject responses are provided in figure 23.

survey group were Naive, as

I

Two-thirds of the

have previously defined the term, but the

fact that we are dealing with engineering majors, who are likely not
as

uneducated about electricity as the phrase suggests, does point to an
issue which does deserve serious consideration.

I

have already dis-

cussed the actions and statements of some Experienced students in terms
of a tendency to revert to their "primitive" polarity models, and the

following unedited survey statement should provide some insight into the

possible genesis of that Experienced student's reasoning.
ference to the conservation of current; a schema which

1

Note the refound only the

more Experienced interview subjects applying to this particular problem.

Parentheses are student's.

the
1-42 "Bulb 'B' was the one that lit.
It was the only one that lit.
only reason I can see for this to happen is that bulb B is closest
to the battery and therefore the electricity going thru the wire is
strong enough at bulb B but not strong enough when the current
(From past experience I had learned that the curreaches bulb A.
of
a wire is equal to the current at any point in
part
one
rent in
It could also have somethis
isn't the answer).
the wire so maybe
being closer to
battery
of
the
end
positive
thing to do with the
negatively charged,
are
which
bulb B, at this positive end electrons,
but not enough are
B
bulb
to
are leaving and traveling thru the wire
getting to A."
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The foregoing response demonstrates
several noteworthy features of

one studenfs treatment of my question.
First, there was the mismatch between the words "strong" and "current".

"Strong" Implies ability to do

work, and that quality is not part of the
standard definition of electri-

cal current.

Although

I

did not systematically Investigate student
uses

of standard terms, my tentative conclusion is
that the general issue is

one which deserves teacher consideration.

More will be said about this

in the final chapter.
Second,

there is substantive evidence that this person is unable to

reconcile his notion about current conservation with his preconceptions
about Proximity.

He clearly expects some important electrical quantity,

initially identified as "current", to be reduced through the circuit, although some readers who are well-versed in introductory physic students'
errors" may feel that this student is simply misspeaking about a properly

assimilated conception regarding potential difference.

I

would refute

that possibility by mentioning that few subjects ever mention potential

difference in any form (potential, voltage, etc.).

Some experienced

teachers may feel that this subject, like many of their students, simply
is unknowing about the importance of discriminating the various electri-

cal parameters.

I

view this possibility as also unlikely because of this

subject's specific mention of conservation of current.
A third feature to be discussed here is based on the closing remark
in the subject's statement.

His final comment reflects an often-observed

combined Polarity and Proximity models, as

I

have described them.

Admit-

tedly, this particular student's inability to accommodate three schemas
to each other was somewhat unusual.

I

am referring now to his apparent

lAl

beliefs that, in operating electrical
circuits,
a.

)

there is electron flow;

b.

)

there is a reduction of some physical quantity
in each element;

c.

)

current flows from the positive terminal.

Turning now to the collection of survey responses,

I

noted that stu-

dents who gave evidence of holding either the proximity or
polarity model
alone gave responses which were brief in length.

It seemed that

the

longer— running inappropriate responses were more likely connected to the
dual model conception.
The written survey also yielded a set of responses which went quite

unnoticed in the interviews - a set characterized by the response of subject 11-15 given at the bottom of figure

2.

In the discussion in the pre-

vious chapter which were directed at students' conceptions of basic circuit requirements, mention was made of the need for bi-polar connections
for operating elements.

It appears as though some students feel that

each element ought to have its own direct (one which does not pass through
some other elements) lead from the source; approximately 10% of the writ-

ten survey group essentially agreed with subject 11-15.

The last observation which

I

would like to call to the reader's at-

tention is the extent of agreement among the performances of the three
groups described on

p.

136.

One group had seen the bulb furthest from

the positive battery terminal light while another had seen the bulb nearest the positive terminal light, and one group did not see the actual cir-

cuit operate at all.

Accordingly, reference was made to "electrons" in

made acone case and "positive current" in other cases; the choice was
fir st.
cording to which the subject wanted to cite as being present

The
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confusion and questions generated by
subject III-28 (middle of figure
23)
provide us with a first-hand view of one
student's dealing with such a
question.

Implications of Data Presented in this Chapter

.

The co-processes of assimilation and accommodation
make up an important part of the Piagetian model of cognitive
development.

If subject

responses are examined with this information processing
model in mind,

we can gain considerable insight into students' concepts.

When students are confronted with a problem, which requires considerable accommodation, their initial attempts at a solution do seem to rely
on those schema which the students view as most appropriately applied.
Such a heuristic probably seems neither surprising nor interesting to

most experienced teachers.

However, the student's particular choice of

physics concepts may be of interest.

It has been shown that polarity of

an operating electrical element and the proximity of that element to the

source appear to be favored schemata among students.

The incidence of

these preconceptions certainly warrants the teacher's consideration of this
fact in the development of physics courses which present introductory con-

cepts in current electricity.

Additionally, we must be aware that current-electricity concepts,

which depend on steady state current flow, require considerable accommodation of concepts developed in prior work in electric fields and capacitors,

where distance and polarity do play important roles.

A third issue here is the fact that an important aspect of the Piagetian model is the physiological genesis of cognitive development.

Accord-

playing
ingly, we expect to find conceptions of proximity and polarity
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important roles In early electrical
problem-solving experiences.

The

three examples which follow are presented as
illustrations of such a

possibility.
"Would you Believe

Physics Teacher.

?”

authored by Mario Iona, is a regular feature

This special feature is devoted to highlighting

and discussing misconceptions and other kinds of errors found
in physical

science texts.

The particular article which

I

would like to mention here

is one evaluating the electricity-magnetism chapters of a widely-used

physical science text.

Professor Iona found the following statement

in that text:

"Direct current dies out after travelling a long distance through a
wire...".

Iona went on to express concern about the development of stu-

dent misconceptions as the result of using such inappropriate terminology.
I

recall being strongly advised, during my own high school days while

working as a laborer in building construction, that when setting up power
saws, one should avoid the use of long extension cords.

I

don’t remember

the exact reasons, but language such as "loss of current" and "loss of

power" in the extension cord itself seem vaguely familiar.

Upon reviewing the physics text used by approximately one-half of
the subjects

in-

the study being reported here,

3
I

made two observations

which may have some bearing on my contention that many experiences in

^Mario Iona, "Would You Believe...? Electricity for Beginners".
Physics Teacher (April 1979), pp 249, 260.

T^

,

sical Science, (Holt,
^Ibid, p 249 quoting W. L. Ramsey et al. Holt Phy
Rinehart and Winston, 1978).

^Paul A. Tipler, Physics (New York:
,

Worth Publishers Inc., 1976).

Ch.

35
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ordinary course work inadvertently
support Inappropriate preconceptlona.
One observation Is that whenever schematics
are used for exemplary reasons, the current Is always shown as flowing
out of the battery; never

in^

it.

The second observation is that on the same
schematics, the

battery almost always appears in a particular place
relative to the
other circuit elements; that site almost consistently being
to the left
of the circuit diagram.

frequently observed.

Figure 2Aa is a sample of the circuit schematic
It is noteworthy that, upon a review of other

sample texts from my own library,

I

was unable to locate figures like

24b or 24c, which are my own conceptualization of how the same arrays

might equally well appear.
I

do not mean to indicate that figure 24a is inaccurate, only that

the singular use of such a diagram leads to an inaccurate perception of
the roles of elements relative to each other.

Summary of Implications

.

If our students are exposed to suggestions that extension cords

should be kept as short as possible, batteries are frequently found in
the same position relative to operating elements in schematics, and

current is usually seen only as coming out of the battery, then it is

reasonable that these same students will conclude that these factors are
important ones.
It was shovn,

through interviews and surveys, that students enrolled

either regarding the
in our physics courses do have strong preconceptions

operating circuit
effect of an electrical energy source’s proximity to

^Paul A. Tipler, Physics (New York:
34-12.
p 803.
,

Worth Publishers Inc., 1976). Figure
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(from: Tipler (1976), p. 812)

(c.)

Figure 24
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elements, or that polarity Is a
matter of concern with regard
to purely
resistive elements In circuits. Undeniably,
a problem does exist here.
(Just as a matter of curiosity, 1
went through a personal file

folder of current electricity quizzes and
exams and found that my dlagrams were identical to those just discussed
in the Tipler text.

culpa

.

Mea

CHAPTER

VII

KIRCHHOFF'S RULES AND CAPACITORS IN
D.C. CIRCUITS

I ntroduction

Those of us experienced with coursework
requiring problem-solving
skills have come to realize that an ability to
test the appropriateness
of various solution paths is one of our
greatest assets.

The novice

problem-solver appears to charge into a problem using whatever
approach
first comes to mind and pursues that approach without pausing
to reflect
on other possible solution paths.

Studies of novice/expert differences

are reported deKleer (1978) and Larkin (1979).

Although he does not

describe his data, Reif (1977) discusses one information processing
model which he finds consistent with his research, and it is also

model which

1

a

find consistent with my data.

In this chapter, I will present evidence which indicates that many
of our students often turn to the microscopic features of their current-

flow models as the basis for examining and subsequently mispredicting
the behavior of multiple-element D.C. circuits.

Furthermore, even when

their approach either leads to an obviously wrong answer (even to them),
or to some point where they are forced to extend the model beyond the

stage at which they have any personal understanding at all, there is

considerable evidence that they will not leave that particular approach
and attempt some other.

The physics problems to be described often require the problem-

solver to move back and forth between two main solution paths; and,
be a
since the just-described research by others suggests this task to

conceptions of
difficult one for beginners, a detailed view of student
1A7
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such problems Is in order.

Specifically,

I

win

discuss applications

of Kirchhoff's Rules, which
constitute a holistic, macroanalytical
or

global approach to circuit analysis,
as opposed to applications of personal "time-exaggerated" current flow models.

I

use the phrase "time-

exaggerated" to denote the current flow schema
which results in

a

person

saying something like:
The electrons leave this point at the batterys'
negative terminal and travel to this side of the
resistor; then
The terms

local" and "microanalytical" are used when discussing this

latter approach.
The fact that the student, first of all, will inappropriately con-

sider local or micro-effects and, second, be unwilling to examine other-

possibilities, has some rather interesting pedagogical implications

which will be discussed in the conclusion.

Defining the Problem.
It has been difficult to attach a meaningful name or phrase to the

phenomenon observed.
ject do is "wrong".

It cannot be said that what we have seen the sub-

The conceptual depth of some of our subjects' ap-

proaches to discussing and dealing with electric circuits is the more
significant issue

.

A review of the following protocol taken from an in-

terview should be of some help in selecting descriptive terms which may
then have similar meaning to reader and author.

The protocol which follows is an excerpt from the interaction between interviewer and subject dealing with a question which related to
(resistors,
the proper identification of some, standard electrical devices

capacitors, etc.).

U9
Subject #56B; "Ron".

10/30/78.

Mechanical Engineering major currently

enrolled In the 2nd semester of a two semester
Introductory physics
course.

Work in the current semester has included
static electricity

and D.C. circuits.

The latest work has been with RC circuits. Grade

performance - Average.

(2nd interview)

Protocol

I.

Part

I -

Significant Episodes:

1.

Given 3 capacitors, subject is asked:
these are?

2.

Subject responds that devices could be either batteries or
capacitors (particular samples are labeled
and

3.

Subject is first asked if he could devise a way to find out
the identity of the devices presented as unknowns and then
asked to actually carry out his plan.

4.

Subject makes up series circuit consisting of 2-volt light bulb
found to light when energized by single D-cell and "unknown";
no observable result.

5.

Subject draws schematic of a series circuit made up of a battery, a resistor and a capacitor.

6.

Subject predicts that within the circuit represented by the
"
schematic just drawn, a current will be induced " through the
resistor

7.

Subject constructs an actual circuit consisting of a 1.5 volt
D-Cell, a 2-Volt light bulb and one of the "unknowns".

8.

Can you tell me what

Dialogue reported in next section begins with the subject noting no observable result from his constructed circuit.

Part II - Transcript:
01.

S:

I'm definitely not doing something right... At t=0,
there is no charge at all built up on the capacitor so
it should act like a wire.
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02.

I:

At t*0.

03.0

S:

Yeah.

.1

.

Like, as soon as

first touch that (making up connection between battery and capacitor) ...
the lights [should]
I

just blink on for a second then turn off as
the charge builds
up on this end (points to '+' end of capacitor
which appears
in circuit schematic which he had previously
drawn) charges
don t jump across.. it is just an induced charge as
this field

.2
.3
.A

03.5

(moves pencil back and forth within space between the
plates
of the capacitor in schematic) gets larger and more charge

.6
.7

is

built up then there’ll be a repulsive force which will induce
a current through the light bulb which should light the light

.8
.9

bulb and then back to the power source...

.10

OA.

I:

So then,

05.

S:

Ah.

06.

I:

OK.

07.

S:

I

.

that should be what (?) at time

.well I expect to see the thing blinking on and off.

believe. .uh.

.

[writing] V

max

will be... at a time where

.1

equal to

.2

[writes and says simultaneously] Q

5

is

’t’

...where this is from a series of equations...
= Q_

— e^);

=t:

t=5

'S
max (I
(recreates original ar-

c

.3

the charge should be maximum... at

.A

ray of battery, capacitor and light bulb; making and breaking

07.5

5

connection to battery several times)
possibly be doing wrong?

...let me think.

.

.what

.positive to negative

.6

could

.7

[referring to battery and capacitor connecting terminals]

I

...

[Subject continues to make and remake circuit just described, repeatedly

expressing disappointment that circuit is not meeting expectations.]

Discussion of Ron’s Protocol
"...What could

I

I

.

possibly be doing wrong?"

Ron has such a strong

blink
belief that any capacitor in any circuit should cause the light to
believe that
on and off that not witnessing such an event leads him to

he has not constructed a proper circuit.

He certainly examined the charg-

algebraically maniing-time characteristics of capacitors in circuits by
to take into account the
pulating a familiar relationship, but he failed
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™ost crucial of all factors for
this case, the value of the
capacitor.

(Capacitors used during all Interviews
were clearly labeled and were
all about one one-hundredth of a microfarad.)

Although the transcript as reported here does
not significantly
substantiate such an inference, his inflections
and movements as witnessed on the videotape suggest that he is expecting
a repeated blinking effect; Ron’s statement in line 05 may be
looked upon as partial

evidence.

Most physicists would agree that current direction reversals

would be the likeliest cause of such an oscillating effect and, for
example, can be found in circuits energized by an alternating current

source of power of appropriate frequency, along with resistors and capacitors of the proper values.

Clearly, such is not the case here.

A review of Ron’s course work and interview record may help us to

understand the genesis of his treatment of the interviewer’s question.

About one month prior to the interview being reported here, his course

work dealt with the charging of capacitors in D.C. circuits, and the
previous week, work done with resonant circuits.

more speculative but, since Ron was

a

This next comment is

person with whom four interviews

had been conducted over the course of the semester, it can be said with

reasonable certainty that he was a conscientious student who did his assigned work regularly and very likely did the homework assigned, with

respect to the topics just listed.

His final course grade is now a mat-

ter of record and it can be said the overall course material was assimi-

lated at least to the point of being able to perform at a high level in
the exams.

In other interviews, Ron demonstrated his ability to apply

Kirchhoff’s Rules to purely resistive circuits.

He appropriately looked
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at entire closed loops at times, and at
junctions other times; thereby

seemingly demonstrating an ability to apply
either local or global algorithms according to the demands of the problem
situation.
My evaluation of the protocol just presented
indicates that Ron’s

ability to distinguish the need for global rather than local
effects
has been severely strained in the present circumstance.

Certainly,

his description of the local current associated with the charging of
the capacitor, as given in lines 03.0 to 03.10 is considerably exager—

rated in terms of the time required for such an event.

Experts would

not consider such a short-lived current to bring about any visible

change in the bulb.

A more experienced person would more likely con-

sider the global effect of the capacitor.

It would act more as an open

switch, insofar as the bulb's operation is concerned.

Considered alone, this student’s approach to describing the events
in our circuit would probably not generate much interest.

But it cer-

tainly demonstrates that a problem exists for this person - a person

whose performance in the course is average.

An Experienced Student;
I

Resilience of the Issue.

would now like to present data describing a phenonemon which is

quite familiar to many experienced physics teachers.

Unfortunately, it

is also one which might be considered of little consequence because it
is so common among beginners.

But, since I am about to present data re-

garding an Experienced student, the problem should be seen as a matter

deserving serious consideration.
interview with
The protocol which follows was taken from the last
Ron.

the earlier interview
It is useful to Include information here about
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as well as the significant
episodes of the current Interview to
be re-

ported. as an aid In providing a
perspective lor the consideration of
the transcript.

During the previous meeting, Ron identified
the array shown in
figure 25 (an obvious short circuit of a
battery-resistor-capacitor
array) as an operating circuit.^

The dialogue being reported here is

that resulting from the subject's analysis of the videotape
record of
the previous interview with him.

Trying not to be suggestive about the appropriateness of the subject's
prior labeling of the array as parallel circuit first, and series circuit
second, the investigator asked Ron again for his explanation of the elec-

trical events within the circuit.

Ron then recognized the presence of

the wire indicating that little, if any, current would pass through the

capacitor-resistor portion of the circuit.

Then, in reference to a re-

mark made during the previous Interview about a current being "induced"
through the circuit portion with the capacitor, he goes on, as recorded
in line 01 below.

Subject

"Ron".

y/56D;

12/6/78.

described for previous protocol.

Fourth and last interview with student just
Semester's work in electricity is

essentially complete with final exams about one week away.

Protocol II

.

go now with... I don't think current is induced. Now I
stick to my regular assumption that it was just shorted out.

1.

S:

I

2.

I:

Just shorted out.

Chapter VIII
^Data regarding this circuit is discussed more fully in
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3.

S:

Yeah.

4.

I;

t least on this tape (the
one being viewed by subject
during the present interview) you had
a little trouble
with that shorting out business in terms
of accepting it
as what was really going on.

5.

S:

Yeah.

6.

I;

Could you give me any more...

7.

S:

For some reason.

.yeah, I just, I just wasn't sure if it

actually did that or not, like, uh...I wasn't sure
then and
I m still not really sure how the current
flows anyhow...

.1
.2

through here.

.3

.4

.

.whether it goes like this (direction 'a')^

that (direction 'b')

[moving pencil around in the

.5

array in directions described]

.6

If it goes like this (direction 'a')

then it probably shorts

like that (direction 'c')...you know because of the re-

.7

8

.

.8

sistance.

.9

there, uh, may be some induced current here (capacitor leg)

However, if it flows like this (direction 'b')

which will flow through this (capacitor) and, you know, some

.

.1

current will probably flow through here (the short) because

.2

there's less resistance.

.3

citor leg)... this (the capacitor) may induce some current...

.4

in which case... like, you couldn't draw that kind of circuit

.5

[figure 26].

.6

(direction 'a') you can draw it like that.

.

.as it comes through here (the capa-

whereas if the current flows in that direction

9.

I:

Let's see, so that direction of current is important.

10.

S:

Yeah.

11.

I:

What now... in order to really... to find out the best answer
here, what would you have to do or what would you want to
do?

^This labeled direction, as well as others mentioned in this protocol,
are all from figure 25.
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Discussion of Ron’s Protocol II

.

Ron is still considering local effects when it
is more appropriate
to be examining the broader picture.

Although a useful tactic for some

circuit problems, Ron's choice of microscopic analysis in
this circumstance clearly results in a wrong prediction.
In lines 7.6 and 7.7 of Protocol II, the subject is quite likely

considering only the region shown in figure 27b.

Bearing in mind that

the entire array is truly represented by the schematic shown in figure
27a, his prediction of the behavior of that circuit does not consider

the effects of the capacitor.

Experts typically consider sections of

circuits apart from the whole but do so only with the certainty that
such an action does not violate the more global circuit features pre-

dicted by Kirchhoff's rules.

Lines 7.8 through 8.3 record his different prediction with the con-

sideration of only the region shown in figure 27c.
Ron was never observed to differentiate the effects of the direction
of the current in other questions dealing with purely resistive circuits

which were discussed at other times.

We therefore assume that the pre-

sence of the capacitor was the triggering mechanism for his inappropriate
local effect evaluation.

The disequilibrating effect of the capacitor's presence in a presumsubject
ably operating circuit came to light in an interview with another

enrolled in the same course as Ron.
interview held
The protocol which follows is the result of a third

relating to
approximately two weeks after the introduction to coursework
the role of capacitors in circuits.

During the period between that in-

worked on problems involving
troduction and this interview, the subject had
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Resistor-Capacitor Array

(b)

Figure 25

Ron’s Circuit Diagram
(reproduced from subject's worksheet)

Figure 26
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the geometry of capacitors, di-electrlcs
and resulting electric fields,

potentials and capacitances.
I

began the interview by asking the subject if
there was anything

in particular that she found either especially
easy or especially diffi-

cult.

She responded by beginning to talk about the role of
a capacitor

in an electric circuit.

^^bject

//58C.

Ellen

.

Date of Interview 10/27/78.

with this high-average (course grade) student.

Third interview

At this time, this per-

son was midway through the second semester (mostly electricity) of

physics

5.

I:

Why don't you give me a sketch of the problem over here.

6.

S:

It looks like - this is a circuit,

(draws circuit diagram shown

.1

in figure 28a) and there's the [inaudible] and here's the capa-

.2

citor - and usually there's a resistor - and one thing that I'm

.3

confused on is why you have to have a resistor; another thing

.A

was confused on is how, like,

.5

gets here (points to [C])^ but

.6

charge got on that side (points to part of circuit between

.7

and [A]).

.8

couldn't see,

.9

citor] but

.10

the current went here [C] and then went here [D] or went through it

7.

I:

I

I

asked Professor
I

understand how the excess charge

I

[

I

I

have no idea how the excess

(name)

]

in class but

I

[D]

just

knew the charge couldn't go through it [the capa-

had this big argument with a friend to see whether

In other words that when you were talking with your friend you
thought that maybe the current flowed to this side of the capa-

citor [C] from this side of the battery [B]?
8.

S:

Yeah, and then the others to here (points to [D]).

9.

I:

Uh, huh.

And what's wrong with that?

are references to particular
^Letters in brackets found in this protocol
sites in the diagram of figure 28.
'

Explanatory Diagram:
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Ellen's Protocol

r

Aaaaa/^
(b)

Figure 27

R esistor-Capacitor Array:

Ellen’s Diagram

-'A/\Ar
.[D]

-[?]
[c]

letter labels
(Basic diagram reproduced from Ellen’s worksheet;

were added by Investigator)
Figure 28
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10.

S:

It just doesn't seem right.

11.

I:

Why?

12.

S:

just don’t think the current could
go in two different directions. The current had to have
one continuous flow, it
couldn't, couldn't, just wouldn't
have a circuit, it wouldn't
be - it would just kinda stop there.

13.

I:

Uh, huh.

14.

S:

It didn't seem right.

15.

I:

It didn't seem right?

I

to this

So,

I

mean because it wasn't a continuous flow,
you

-

So then how did you modify that to get

(referring to charged capacitor)?

16.

S:

I

17.

I:

And so what kind of answer did you get that -

18.

S:

Oh,

didn't (laughs).

I

just asked the Professor.

it was a good answer.

He told me that, ah, excess negative

would be on this side (points to [C]) meaning more charge would
go here, and then - therefore you, he explained that it was a

billiard effect, like a little green charge goes here (still referring to [C]) and the electric field, it causes - that one
green thing causes an electric field, and in other words there's

yellow ones here (pointing to [D]) and it makes the yellow one
want to move here.

It's not that the green one is going to go

through the capacitor it's just that the green one is going to

make a yellow move by an electric field.
19.

I:

I'm a little bit -

20.

S:

This is like an electronc (back to point [C])

21.

I:

Okay.

22.

S:

And then that electron is going to cause a field in the capacitor

-

.

23.

I;

Uh, huh.

24.

S:

And now it's going to make this electron (at point [D]) move
away because of the field and therefore this is going to be a
net positive (at point [D]).

,

see.

25.

I:

I

26.

S:

A net positive charge.

27.

I:

So are you getting a flow?

28.

S:

Yeah,

urn,

hum.

'
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29.

I:

You're getting

30.

S:

But It's not through ths resistor.
It's not actually through
the resistor.
Like these electrons are not moving.
There's
no electrons in here (at point [E])
in between the capacitor,
but there's a field in between the capacitor
that makes this
one go.

31.

I:

And that satisfied it alright?

32.

S:

Uh,

33.

I:

Alright.

3A.

S:

I

35.

I:

While we're talking about capacitors,

-

that's good.

can see that.

Discussion of Ellen's Protocol

if I had two

capacitors

.

In lines 6.7 to 6.9 as well as line 12, Ellen tells us of her concern

over having to accept a circuit with an incomplete conducting path as an

operating one.

Prior to her introduction to capacitors as legitimate mem-

bers of electric circuits, she had apparently established the notion of
current flow as a requirement for electric circuits.

Such a requirement

worked quite nicely when analyzing purely resistive circuits.

Instead

of modifying her existing model, she seems to have made a special case
of circuits with capacitors and adopted an explanatory model which in-

cludes different kinds of charges moving through the circuit (the "green”
and "yellow" things described in the protocol)

protocol presented here,

I

.

Reviewing the entire

feel quite confident in saying that this per-

son approaches any circuit to be analyzed with two models for predicting
the behavior of the circuit components.

One also gets the impression that Ellen went through some considermodel;
able mind-searching while developing her capacitor-in-a-circuit
to predict
and, having gone through such an effort, it is reasonable
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that she would continue
to keep the models separate
and distinct. ^ Although the protocol from the
interview is not being Included
here. Ellen
was one of the subjects who
described the short circuited
array of figure
1 as a series
arrangement of a battery, a resistor,
and a capacitor.

Short Circuit ~ Other Subjects

.

The question which resulted in Ron’s
Protocol II was administered
to 15 other subjects in interview
settings.

A question concerning the

same electrical array was administered to a
group of ten students in

written form.

A sample of the writ ten- survey question
makes up figure

16.

Nine subjects did not describe the array correctly.

Five were from

the clinical interview group and four were from the written
survey group.
Of those subjects who provided inappropriate responses, six were

found to devote much of their analytical reasoning to the events within
the capacitor.

This evidence alone is not strong enough to establish

the argument for "local versus global" reasoning (to be further described
in the section to come on Meter Use).

It has been presented simply as

one example of a situation in which some people, whose reasoning focused

primarily on local effects, also went on to misdescribe an array of electrical components.

The misdescription of this particular array has been

more closely tied to another phenomenon which

I

have labeled "The Role

of Wires" and which is discussed in the next chapter.

^A human tendency to continue to validate decisions already made is called
"cognitive dissonance" and is discussed in many introductory social
psychology texts. McClintock (1972), for one, reviews the research on

this phenomenon.
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Mlcro analysls and Circuit Junctions

.

The protocol of Richie's interview has already
been presented in

Chapter VI.

These data were presented at that time because
Richie sug-

gested that the circuit's behavior depended on the
direction of the current, and such a conception could reasonably be discussed
along with

other Polarity Model data.

However, part of that subject's description

of his thinking relates to the present discussion of micro/macro
analysis

procedures
Inappropriately relying on his microanalysis of the Potential Divider question, Richie says that the current's effect on various elements
is a result of the path-length difference between two possible current

paths.

The following excerpt from the protocol of that interview is

repeated here for convenience:
6.S:

Oh, oh well if it

[the polar orientation of the battery]
were the other way around and the current flows from the
negative pole to the positive pole then it would go directly
to the tape and blow it because there is no resistance here
[between the circuit junction [Labeled [3] on figure 29] and
the tape recorder]

Since there was no evidence in any part of the original protocol
that this subject considered the electronic make-up of the tape recorder,

one can reasonably conclude that time-dependent characteristics of capa-

citors did not play a dominant role in this person's circuit analysis.
Thus, we are witness to one student's use of micro-analytical techniques
in a problem situation which does not include a capacitor as a specific

circuit element.
The particular interview just referred to took place early in the

semester during a time devoted to the study of electricity, thereby
exaggerate
demonstrating a tendency, on the part of some beginners, to

ViV'.
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The Potential Divider Schematic

(The above figure, without the numbers in brackets, is taken from
the Potential Divider Question Card.
The bracketed numbers were

added for discussion here.)

Figure 29
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the time characteristics of a
current flow in circuits.

Other Tests of Resilience;

Studen ts and Meters.

On seeking colleagues’ views about the
value of using highly dls-

equilibrating problems during my interviews, two positions
seemed
equally popular.

One was that such problems provided valuable data

about the degree to which basic circuit concepts had been
assimilated

by my subjects; this is essentially my position.

Other colleagues felt

that the conceptual depth being investigated through the use of these

problems was beyond the intent of an introductory physics course.
sequently,

I

Con-

decided to use a problem which was reasonably straightfor-

ward yet included some possibility of student error.

Subjects who had

correctly described the relative magnitudes of current and voltage in

various parts of some circuit, were given meters and asked to actually
determine the values for these parameters with respect to a particular
resistor.^
30.

Results of the clinical interviews are summarized in figure

The reference to ECE 211 in the Comments column is to the engineer-

ing course known to involve extensive work with D.C. circuits.

Figures 17a and 17b are reproductions of a written survey given to
10 students at the completion of the Introductory Physics course.

The

only requirement; for paid-for participation in this survey was non-

matriculation in the ECE 211 course.

The results of this written survey

are summarized in figure 31.

Discussion of the results of these meter-use questions follows.

Current-Vo lt_a_ge
^See Chapter IV; the question titled Measuring
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Stude nts and Meters:

Discussion of Results

.

Why is it that so many students, who
have already correctly applied
Kirchhoff's junction rule in

t_alking

about a circuit, go on to place an

ammeter in parallel with a circuit element when
asked to measure the
current through that element?

I

believe that their tendency to do so

is related to a marked student preference for
micro-analytical heuristics

for all circuit problems.

I

have observed so many subjects deal with

small segments of a circuit while virtually ignoring the
other circuit

members that the logical consequence should be to mentally remove a resistor from a circuit and place an ammeter in series with the now-removed

element in order to determine the current through it.
As shown in figure 30, only

used the ammeter properly.

f ive

of the twelve clinical subjects

Since all of the subjects who were asked to

actually measure current had matter-of-factly stated that the current

passing through the unlit bulb had to be the same as that passing through
the lit bulb in the Two-Bulb Paradox question,

I

do not believe that any

were not familiar with the implications of creating a circuit junction
through their actions.

Another important factor in the present discus-

sion is that subjects were asked about a simple series circuit.
In all cases,

students were also asked to determine the current at

some other point in the circuit.
lel

with

Whenever the meter was placed in paral-

the relatively small resistors, the reading was found to be

different for each determination.

Even with this experience, the six

meter
subjects, who placed the meter in parallel, did not question their
an explacement; they merely accepted the different meter readings as

pected event related to the limitations of the device itself.

166

The written survey, whose
results are sumnarlzed In figure
31, was
designed and administered as a follow-up
to the clinical ohservatlons.

Since students were being asked a
considerahly more simplified version
of the question (there was no problem
with meter polarity or range se-

lection), and, since It was administered at
the very end of their semes-

ter’s work with electricity, a greater success
rate than that actually

observed was expected.
answers.

Note (fig. 31), that only

f^ provided

correct

The results were summarized as shown because no one
column

gave as useful information about the respondents' level of
understanding.
In a simple multiple-choice review, respondents numbered

1

and

2

would be listed among the succeeders, but their explanations give them
away.

Number

3,

who would summarily be listed among the failers, seems

to have viewed the meter as a voltmeter; with this replacement, his ex-

planation and alternate circuit would be correct.
The strongest evidence in support of my argument that students often
fail to look at global circuit features when working on electrical cir-

cuit problems is in the explanations cited by written survey respondents

numbered

1,

2

and

9.

Only these students made mention of specific cir-

cuit sites as the basis for their conclusion.

Summary and Conclusions

Data has been presented which demonstrates the approach taken by
some students to more involved problems in electricity.

Words such as

"local", "isolated", and "time-exaggerated" pretty much sum up my view
of those approaches.

It was noted that some subjects were so attracted

completely
to a particular charging mechanism for a capacitor that they
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Summary of Clinical Interviews in which
Subjects were asked
to Measure Current and Voltage in
Circuits.*

Subject

Results

Comment

#72

Used ammeter in parallel; used
voltmeter correctly but unable
to predict particular voltage
using Kirchhoff's rule

completed ECE 211
currently in ECE 212

#71

misuses both meters

lower achieving
student

#73

used ammeter in parallel; misreads voltmeter so that correctly predicted, and, actual
results are quite disparent
yet, he does not question
value read

ECE 211 transfer
credit

#66B

wants to use single lead from
meter to circuit

discussed prev.
in Chapter V

#7A
#76

connects ammeter in parallel;
notes ammeter forming added
current loop but does not
take this fact into account
when discussing relationship
of meter leading to current
through resistor

#79

uses ammeter in parallel;
expects current to slowly
build up since spools of
wire have inductance

#57B
#65
#69
#75
#77

surveyed prev. via
written survey;
responded correctly.

Essentially use meters correctly; when asked, applied
Kirchhoff's rules appropriately.

One was the iVo*Circult investigated was one of two possibilities:
other was a series
Bulb Paradox Circuit already described and the
array of two wire-spool resistors and a battery.

Figure 30
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Report of Written Survey (Figure
17) Results

Respondent

Agree/
Disagree/
Not sure

Explanation

Another
Circuit

1

Disagree

meter as set up will
measure current passing
through both A and B;
not just B.

sketches ammeter
in parallel with
resistor A.

2

Disagree

twisted connections
lose current

circuit is same
as mine; connections are "solid".

3

Agree

Current can be determined if voltage of
battery; and values
of both resistors
are known.

ammeter still in
parallel with
battery; resistor
B removed.

9

Not sure

"...connections should
be on both sides of
resistor.

has two ammeters
in series; one
on each side of
resistor A.

Not sure

"I do not think current can be determined
unless original current is known."

(unable to interpret)

Disagree

(appropriate)

(appropriate)

.

10

4
5
6
7

8

Figure 31
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Ignored the relative role of
that device In a circuit
containing other
elements. Another subject had
such a strong time-exaggerated
currentflow model that he, too, lost sight
of the circuit's global features.

My concern lies with the teaching
of Kirchhoff's Rules which
are
the most appropriate rules for
analyzing the circuits used for the
questions discussed in this chapter.

These rules are holistic predictors

and appropriate attention may not be
given to the apparent cognitive
gap between isolated phenomena, such as the
charging of a capacitor,
and,

the interaction of those isolated phenomena
which one finds in

operating circuits.
First,

I

would like to discuss the significance of an often observed

student current— flow model— one which
I

I

have labeled "time— exaggerated"

have used this phrase to collectively describe the model or theory by

^^ich a person is apt to say

".

.

.the current leaves here — the positive

terminal — and goes to here — this screw on the bulb base

— where. .."

Clearly, this is not an inappropriate model; we hear experts using this

kind of language all of the time.

But, its attractiveness and subsequent

application in virtually all electrical circuit problems tends to lure
the student away from the circuit's global features.

This fixation on

local properties may be associated with the novice problem-solver feature

described in Larkin (1979).

The Larkin study led its author to conclude

that novice problem-solvers tend to move to their solutions through the

successive application of small bits of information; successive bits

which may or may not be related.

The expert, on the other hand, is

more apt to group these separate bits of information before testing the
group as a unit on the problem at hand.

As a result of relying more
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heavily on these "Large Scale Functional
Units", as they have been
labeled by Larkin, inappropriate attempts
at accommodation are more

obvious to the expert
There are guidelines, some of which are provided
in the Larkin report, directed at helping those who wish to help
novices bridge the gap

between their level of problem solving and that of the expert.
ily,

Primar-

the guidelines ask that the novice make him/herself more aware
of

the limitations associated with whatever theory or model that
person

has selected to work with.

conclusion.

More will be said about this in the thesis

These findings also carry some implications with respect to

the order in which topics in electricity are presented in a standard

course.

The particulars of this aspect will be held off to the conclud-

ing chapter as well.

CHAPTER
^DENT

VIII

VIEWS OF THE ROLES OF WIRES AND
THEIR APPROACHES TO
PROBLEMS IN ELECTRICITY

Introduction

Up to this point,

I

have examined student conceptions of some
rather

specific topics in the subject matter of electricity
as found in standard

college introductory physics courses.

In this chapter,

I

discuss obser-

vations of student behavior regarding not only their conceptions of
particular topics, but of their expectations concerning the significant

features of physics problems presented to them.

Undoubtedly, the most striking misconception encountered in my study
concerned the role of wires in an electric circuit.

Much of the data for

the development of this chapter comes from the capacitor/resistor ques-

tions (#16 described in Chapter IV).

As they answered these questions,

a significant number of students failed to recognize that a short cir-

cuit, either set up on a table before them during an interview, or in

sketch form as was the case of group surveys, was in fact a short circuit.
I

to

have traced the student difficulty with this short-circuited array

two different possible sources.

One was that the students bring their

own expectations to this kind of question which are considerably more

structured than generally believed.

The other possibility is that many

students have problems reconciling the dynamic charging of a capacitor

with the behavior of that device under steady state conditions.

It may

well be argued that general patterns in problem solving were significant
aspect is
issues in questions considered in previous chapters, but that
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so much more transparent In the
case of this short circuit problem
that

its discussion is best given here.

The Procedure in Coll ecting the Data and Particular
Population

.

The sources of data for the conceptions to be discussed
in this

chapter, in addition to question #16 asked during the clinical
interviews, included the written surveys making up figures 14 and

16.

The

question regarding the real circuit was raised only in those interviews

which were held after the subject had been exposed to the role which
resistors and capacitors play in electric circuits.

"Exposure" had to

have been in all areas of the course (viz. lecture, laboratory and home-

work problems)
The written surveys were designed to investigate the problem at
the Naive student and the Experienced student levels.

Fifteen students were interviewed, fifty-seven engineering students

were asked to respond to the Naive written survey and the Experienced
survey was answered by ten students who had completed the course from

which the interview subjects had been drawn.

Results of all phases of

the investigation are summarized in figure 32.

Introduction to the Misconception

The protocol which follows is from an interview with one of the
study
students whose responses formed the basis of the more extensive

being reported here.

The reader's attention is called to the episode

circuit.
in which this student labels the array as a series
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Sunmary;

AH

Investigations of

Short-Circuit Misconception

Physics Level
of group
(survey style)

Total
Number

Number exhibiting
misconception under
discussion

1st semester

(written survey)
2nd semester
(completed unit in
basic circuit theory)
(Interviews)

2nd semester
(semester over)
(written)

57

14*

15

5

10

4

*Since a number of responses were ambiguous, this number is a lower
bound; (consult the breakdown in figure 3A).

Figure 32
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subject

//58E.

•Ellen".

U/9/78.

Grade performance in physics and

mathematics has been average; final grade
for her present physics course
turned out to be B+. At the time of this
interview, this person was 10
weeks into the course and had just taken an
exam which dealt with standard current electricity topics up through RC
circuits.

1.

Subject is presented with a real array of a battery, a
capacitor
and resistor connected as shown in the sketch in figure
lib
(Chapter IV).

2.

Subject begins by drawing circuit diagram like that shown in
figure 33a (this chapter).

3.

Subject states:
"In series (tracing over circuit diagram with a pen) it's
uh
what happens is the capacitor charges up and then when it's
charged up, there's no more current in the resistor
going
through the resistor 'cause it has the same potential as the
as the battery does
so the capacitor has right now
would
have
what is that?
(picks up battery) 9 volts? Whatever that
"
is
(Real array and subject's diagram are separated by a distance of
approximately 2 inches.
It appears as though the subject is looking only at the diagram during most of the previous statement as
well as the relevant discussion which follows.)

4.

Subject goes further in correctly describing the transient flow
of current and accumulated charge associated with the charging
The time elapsed thus far
of a capacitor in a series circuit.
in this question is 3 minutes.

5.

Investigator:
"Now, is there anything else you'd like to tell me about that
circuit that you feel is going on there?"

6.

Subject looks over real array then returning to own sketch
states:
"Just that there is no more current through here (points to
resistor symbol in diagram) after a while.
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the operation of the Individual
devices.

volved about the role of wires In

a

Rather, her misconceptions
re-

real circuit and the need to
accommo-

date learned concepts to real
problems.

Comparing the array In figure 11b and
the subject’s circuit diagram
(figure 33a) it is noted that she omitted
the connected lead wires from
the resistor forming the "short" between
the clip connectors of the bat-

tery wires.

When someone does this once, it might be
said that

overlooked.

it was

But when it is done twice, the issue takes an
added signi-

ficance in terms of the make-up of the subject's
knowledge structures.
Further, the array was placed on white paper for added
contrast and was

clearly visible for the entire time which the subject discussed
her series
circuit.

This amounted to about

3

minutes as reported in episode

4.

In

an attempt to more clearly identify the misconception, Ellen was invited
to return about one month following the interview just reported (and co-

incidentally, the last week of the second semester physics course in

which she was enrolled) for the express purpose of reviewing her previous
interview.

The investigator played the video tape of the interview por-

tion being discussed here and the following is an excerpt of the resulting dialogue.

Significant Episodes from the Follow-Up Interview
(Statements in brackets are investigator's)
1.

2.

.

Subject is asked if she has any inkling of why she omitted the
short-circuiting wire from her explanation of the presented
circuit

With no further probing, the subject makes the following remarks:
"I didn't know what it [the short circuiting wire] was
going to do
"I probably thought that it was unimportant..."...
"It was just there so you could attach it."

"[the wire] really didn't have any significance."
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3.

Investigator asks subject to express her
views on the roles of
wires other than the shorting wire in the
circuit pointing to
each connecting wire in turn.
Subject replies:
do anything.'

"they just carry current, thev reallv don't

5.

Investigator asks about the roles of the wires making
up the
leads from the capacitor and resistor.

6.

Subject responds:
"those wires are there; they really don't
do anything.
They just enable you to pass the current to them
the thing is though
wires do have resistance. They are
really low compared with - uh - resistance in resistors."

—

A Discus s ion of E llen's Last Interview.

The responses reported in episodes 4 and

6

provide a clue to the

subject conceptions underlying the misconceived circuit.

Wires don't

do anything. That short circuited wire was omitted because wires are

non-participants in the problems which she had experienced.

Ellen did

mention in another portion of this follow-up discussion that the instructor had demonstrated the effect of adding a similar "shorting" wire to a

circuit consisting of a battery and two bulbs in series.

She recalled

that the bulbs went out with the addition of the wire and that the cur-

rent was describevl as bypassing the bulbs portion of the circuit.

But

then Ellen went on to admit not having made a connection between that

event and this problem.
In episode 6 Ellen states that "...wires do have [low] resistance.

."
.

which suggests, at first glance, that she may have answered my question
inappropriatelv because she had considered the shorting wire as playing
the role of another small resistor.

I

do not consider this suggestion

wire.
plausible because her diagrams did not even include the shorting
I

believe that part of her statement was an afterthought.
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Other Clinical Subjects

Results
Of the fifteen subjects in the Experienced
clinical subgroup, a

total of five subjects ignored the short-circuiting
wire and went on to

explain their perceived circuits at length.

Later in the interview,

after subjects had decided on their answer, these
"misperceivers" were
asked increasingly suggestive probing questions until they
were able,
not only to detect the physical presence of the wire, but to discuss
the

effect of that wire on their originally perceived circuit.
A review of the beginning portions of those interviews, in which
the subjects misdescribed the circuit, revealed that:
1.

They were all quick to attach a label (series or parallel) to
the circuit; four perceived it to be a series circuit, the
fifth, a parallel circuit.

2.

All gave this question careful attention over an extended
period of time.

3.

The capacitor was the departure point for the discussion of the
entire array for most of these subjects.

A.

None had any difficulty with parts III and IV.

Discussion
One of my first thoughts was that the subjects' misconceptions

might simply be due to a lack of knowledge about circuit diagramming.
But, unlike the case of question 2, none of the subjects drew faulty

diagrams for questions

3

and A, indicating further that they had acquired

some knowledge about diagramming simple circuits from the course.

One-third

(5

out of 15) of the subjects "missed" the short-circuiting

wire and failed to describe the array appropriately.

We would expect
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that the proportion In the
general Introductory physics
population
would be higher; of the ten
subjects who did provide an
appropriate
description, five were concurrently
enrolled In an electrical engineering course Involving extensive
laboratory work In D.C. circuits.

Results of Written Surveys

Experienced Students and Wires

.

As in those cases of student errors
discussed in previous chapters,

investigated the incidence of this problem among
Experienced students.

Although the clinical interviewees were all Experienced,
additionally

1

sought out students who were the most "experienced”
possible within the

course structure.

The students who responded to the survey making up

figure 16 did so on the last meeting day of their physics
course.
To eliminate whatever effect the engineering course just
mentioned^

might have on their ability to deal with this problem, enrollment in that
course was announced to be disqualifying to participation in the written
survey.

Among a group of ten students in the written survey, five were

still not able to discuss the circuit appropriately.

Four of those

five students clearly missed the short-circuited connection.

Regardless of the reason attributed to the misperception, the high
incidence of failure just reported shows that the particular conception
is a resilient one for some students and one which can persist to the

end of their introductory physics course.

^This is the same Engineering course described more fully in the footnote to figure 12.
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Responses from Naive Students

.

did not expect Naive students
to know much about
capacitors or
resistors but I knew of no reason
which would preclude their having
I

appropriate conceptions about the role
of wires in electrical arrays.
The questionnaire making up figure lA
was presented to 57 engineering
majors enrolled in the first semester
(pre-electricity) physics course.
The results of this particular survey
are summarized in figure 34.

The

most interesting finding was the omission of
the short-circuiting wire
in so many of the student diagrams.

the students'

I

tried to minimize the effects of

inexperience with resistors and capacitors by making the

request as open-ended as possible.

Results indicate that many incoming

students are also biased against perceiving the shorting wire.

Summary of Findings

We have examined students' explanations of an extremely simple

electric circuit, one that involved only three major components.

It

was found that many students were unable to interpret the circuit correctly.

It

is possible that any problem solver, even a good one, will

misspeak an answer or misjudge the importance of any particular factor
in the problem.

The interviews were therefore designed to ensure that

students had ample time to think and to check their work.

Their answers

were continually probed to gain added assurance that they had seriously

considered what they said.

Thus,

I

were not simply due to carelessness.

feel quite confident that the errors

One therefore suspects that a

significant proportion of students in physics courses will have this type
of difficulty.

Even more disturbing is the fact that the misconception
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Nummary of Naive Responses to
Written Sut-vpv

Category
1)

2)

Number

Drew some configuration of the
battery, resistor, and capacitor
which did not include the shortcircuited wire.
Diagram difficult to interpret but
short-circuiting wire does not seem
to be part of it.

3)

Diagram included short-circuiting
wire but description included
references to definite electrical
activity in the Resistor-Capacitor

Percent

"
10

>

14

25%

4

10

00

Branch.

4)

Changed mind:
drew diagram without
short-circuiting wire, then drew
another which included it.

5)

Diagram/Schematic essentially correct
no mention of electrical activity in
Resistor-Capacitor Branch.

6)

No response or not classifiable.

Figure 34

2

3%

24

42%

7

12%

n = 57

100%
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persisted In

students who had been through
a calculus-based
course
in electricity which
Included five experiments on
electric circuits.
This again raises the question
as to whether the existing
laboratory
experiences of introductory courses
actually help students tie realworld ohservatlon to knowledge
gained from textbooks.
son,e

Discussion and Implications

.

Four major implications can be derived
from the data just presented
One is that the compartmentalized manner
in which electrical devices are

presented in the standard texts may result in
the assumption that whenever a difficult-to-comprehend device (like
a capacitor) appears in a
circuit, it must have the predominant role.

Another implication is related to my subjects' course
experience.
Laboratory work for these students is aimed primarily at making
quantitative measurements.
to

succeed

Such a focus makes it quite possible for a student

(i.e., achieve a good grade) without understanding much

about the interaction between various circuit elements which brought

about the quantity measured.

Examples of the type of student work which

places some emphasis on qualitative comprehension are found in Clement
(1978), and Fuller, et al (1978).

Although Fuller's laboratory text is built around classical experiments, the directed procedure often begins with an invitation to explore
the set-up, perhaps listing features which seem particularly important
to the particular topic.

In an experiment on oscillating systems,

for

example, students are first asked to examine any three of five available

periodic motion systems and then isolate physical variables which are
common to each before going on to gather the usual data.

More will be
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said about these implications with
respect to physics teaching in the

concluding chapter.
Two other implications are associated
with observed student tenden-

cies in problem solving.

Ellen

s

One observation included earlier reported

shift of attention from the real array to her own
circuit dia-

gram once she had drawn it.

There seems to be a problem with reversi-

between representations which was noted in many interview situations in addition to those reported in this thesis.

Although

I

did not

investigate this particular issue, others such as Larkin (1979), Monk
(1975) and Byron,

Clement, and Lochhead (1978) see it as an important

skill and an indicator of understanding of physics.

Lastly, there was the tendency on the part of many students to

assume this problem to be like one encountered before in course work.
It is true that most of us use this tack as a first-order approach to

solving most problems but experts appear to have a system of checks and

balances which prevent their carrying it further than the reality of the
situation so warrants.

This issue, also discussed in Larkin (1979), will

be probed mere in the next chapter.

CHAPTER

IX

SlimAR^/^n CONC LUSION
Summary of Findings

This study consisted of cataloguing student
preconceptions and

misconceptions regarding selected topics In electricity and
was carried out by interviewing students at various stages of
progress through
an Introductory physics course.
In summary, my clinical Interviews had the following featuresi
1.

All Interviews were conducted privately with each student.

2.

The interviews were recorded on videotape.

3.

Questions were formulated to be as non-suggest ive as
possible.

4.

Subjects were informed that the interviewer was Interested
in their "ideas", correct or not.
Hence, careful attempts
were made to display non-judgmental reactions, botli in body
language and verbal responses; to the student response/
reaction to the question posed. The tapes were reviewed
(several times in most cases) and transcripts were prepared
for more carefvil study wherever the situation so warranted.

5.

The interviewer maintained a list of questions designed to
encourage the subject to explain choices as fully as possible.
Specific questions asked in any one interview were
selected in an adaptive manner on the basis of responses
to the previously asked question.

Although

1

liave a

slight preference for the term "Clinical Interview

Approach" as the descriptor of my methodology,
use of the term "Data Driven Approach".

I

would not object to the

Either expression conveys the

essence of my strategy which consisted of getting as much data as

1

could

to solve
about methods and Information used by students as they attempted

the particular problems presented to them.
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Although this investigative
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technique precludes the larger
subject numbers which some reviewers
claim
to be Important to generalizabillty.

It does provide a more detailed
view

of human information processing
than other techniques.

Conducting a study outside the classroom
setting has distinct advantages.

One advantage is the opportunity to study
student conceptions

uncontaminated by classroom dynamics.

Another is the minimizing of the

usual teacher-student barriers.

I

gator, rather than the subjects'

teacher, to objectively analyze what is

necessarily subjective data, and

1

felt more able, as an outside investi-

feel confident that the specific list

of student conceptions generated through this study is an
accurate one.

Specific Preconceptions and Misconceptions.

Figure 35 is a list, in brief form, of the particular conceptions

discussed in previous chapters.

If I had to choose one word to character-

ize the more Inappropriate physics conceptions documented in this study,
that word would have to be "simple".

classroom teaching behind me,

I

Even with the twenty years of

was astounded that so many students failed

to display my previously-assumed conceptual level of entry to a college

introductory physics course.
In the statements found in this list of conceptions,

I

have used

the word "element" as a generic term for resistors and capacitors while
the term "source" represents devices such as batteries and A.C. wall

outlets.

The avoidance of more standard terms, and the particular syntax

of the statements were deliberate steps taken to allow the wider use of

this list in further study.

Another possible use for the list is as a

pedagogical tool to be used for the generation of student-teacher dialogues.
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Misconceptions In Electricity

An element In an electric "circuit"
needs only one conducting
path to the energy source in order to
operate.

When two or more elements are connected in series
with the source,
the one nearest the source will perform best
because "electricity"
(perhaps, "electric current") dies out with distance
from the
source

When two or more elements are connected in series with

a source,
the one connected directly (meaning that the "electricity" does not

travel through some other element first) to the positive (sometimes
the negative) terminal of the source performs best because the

energy flows from that particular terminal to the other.

Whenever a capacitor is one of the elements in a circuit made up
of a resistor as well, look carefully at the charging process within

that capacitor because it is, by far, the most important issue.

Wires connecting the various participants of an electric circuit
really don't do anything.

Whenever an element, in an otherwise operating series circuit, is
deemed to be not operating, it is possible that the "electricity"
does not reach that element.

When using meters to measure electrical parameters, the meters do
not become a part of the operating circuit.

Figure 35
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There were also a number of
conceptions which were noted either
in
passing or in isolated cases. These
particular conceptions will be

listed and discussed in "Suggestions for
Future Research” later in this
chapter.

General Conclusions

My study has led me to draw three main conclusions
about human in-

formation processing and its relationship to the standard physics
course.
First, my findings support the Piagetian conclusion that knowledge
comes
to us by either restructuring our existing personal knowledge structures,

or restructuring the material which we are attempting to know.

I

will

review the data in terms of its cognitive aspects in the sections which
directly follow this one.

Secondly, physics course developers have not

considered student knowledge structures as part of the rationale for
the existing curriculum.

Specific recommendations aimed at developing

teaching methods which take this feature into account come later.

although the procedure is somewhat tedious,

I

Thirdly,

have decided that there must

be a concerted effort to continue to examine student knowledge structures

through the cataloguing of preconceptions and misconceptions in all topics

which educators consider appropriate to introductory physics courses.
The common feature found in studies of student conceptions in mechanics
(as reported by other investigators) and in electricity,

is that there

are serious misconceptions held at a level which is below that of the

widely accepted threshhold understandings for introductory work in college
courses.

Investigator-structured research (as opposed

to

data-driven

such
research) is simply not productive when it comes to identifying

unsuspected phenomena.
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Implications of Data
In addition to being able to
provide a specific list of student

misconceptions, the data proved useful in
investigating cognitive processes.
Most experienced teachers have
intuitively-based models of how
their students deal with course work.

I

shall devote part of the remain-

der of this chapter to a discussion of
physics-student Information pro-

cessing through the theoretical models developed by
Jean Piaget and
theoreticians who hold similar views.
Finally, and most importantly to me as an educator, there are
the

curriculum implications of the data.

It should be clear by now that

I

have not engaged in a witch-hunt; this study has not been an attempt to

prove a particular instructor competent or incompetent, nor has it been
an attempt to show that one particular physics course is better than
another.

My position is simply that planners of the college introduc-

tory physics curriculum ought to take the findings of the study pre-

sented here into account.

Cognitive Interpretations of Students’ Work in Electricity

The findings of this study are consistent with Jean Piaget's model
of cognitive development and of individuals' concomitant ability to pro-

cess information.

Features of the Piagetian Theory of Cognition which

I

consider

pertinent to my study are as follows:
1.

Each of us becomes increasingly able to deal with problems re-

quiring mental processing through operations whose maturational
stages have both physiological and experiential constituents.
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2.

Our interactions with any
phenomenon are integrated into pre-

vious experiences with either the same
phenomenon, or one

which we think is similar; this collection of
information

is

then applied to solutions of problems through
the formation
of schemes and schemata.
3.

Our ability to cope with more difficult mental
operations in-

creases as we realize that our current mental constructs
are
inadequate; i.e., our existing constructs do not yield acceptable (either in terms of externally determined standards or

according to our personal determination) problem solutions.

Favored Ways of Thinking;

Approaches to Problems in Electricity

Piaget views the pathways between

a

.

person’s mind and those events

or objects occurring outside that person’s mind as being built upon

mental processes called assimilation and accommodation.

One widely-

recognized expert on the interpretation of Piaget’s theory summarizes
those processes this way.
’’...the Piagetian man actively selects and interprets
environmental information in the construction of his knowledge rather than passively copying the information just as
it is presented to his senses... the Piagetian man always reconstrues and reinterprets that environment to make it fit in

with his existing framework. .. Assimilation essentially means
Interpreting or construing external objects and events in
terms of one’s own presently available and favored ways of
thinking about things. .while accommodation refers to the
converse or complimentary process of adapting. .mental
structures to the structure of ... stimuli.
.

.

John

H.

Flavell, Cognitive Development pp. 6-7

’’Favored ways of thinking" can be equated to "having preconceptions

which in turn is presumed to be a function of

a

lifetime of experiences.
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Having preconceptions simply means
that one has preconstrued notions
about predictable events based on prior
mental structures and experiences,

many of them having been assimilated as
operative schemes.

Every person

has acquired countless operative schemes by
the time he reaches a college

physics course and he has experienced considerable
success with assimilating many of life

s

questions to those schemes.

One of the more interesting preconceptions found to exist among
the

subjects of this study was that labeled "Electric Sink" model.

experiences might have contributed to such a preconception?
connected home appliances to A.C. wall outlets.

What prior

We have all

Tnerefore, it is possible

to infer that adults have well-defined operational schemes which relate

to electrical device operation, quite possibly like the following:
a.

)

b.

)

To make an electrical device "work", insert the line-cord plug
into the wall.

Line cords are mono- tubular
Of course,

statement

(b.

)

;

the connection is unipolar.

is an exaggeration but it is conceivable

that one can perceive both the double prong of the plug and the twin-lead

wire as singular elements.

Adolescents also may have had experiences

with automobile electrical devices where wiring is

a

matter of attaching

a single wire between the device and the energy source;

the fact that the

entire automobile body constitutes the other conducting lead can mask the
circuit characteristics of the element-source relationship.
So the "Electric Sink" model of operating electrical circuits, des-

excribed in chapter V, appears to be a reasonable consequence of prior

periences.

Inhelder and Piaget (1958) describe cognitive entities which

application
they call "operational schemata" and which may also have an
Sink models for
to explaining subject tendencies to revert to these
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battery-bulb problems.

Their description is as follows:

...operational schemata are defined as concepts which
the
subject potentially can organize from the beginning of
the
formal level when faced with certain kinds of data, but
which are not manifest outside these conditions"
Barbel Inhelder and Jean Piaget,
The Growth of Logical Thinking p. 308

Although no attempt was made to determine the operational level of
those subjects who were identified as employing the Sink model, they were

certainly within the bounds of the age group often associated with the

Piagetian label of "Formal Operational".

It is therefore also possible

that the newness of the problem situation caused the construction of

schemata which, according to the description of operational schemata,

were not fully tested.
These same arguments could be extended to my observations regarding

polarity and proximity.

Possible origins of these conceptions were in-

dicated in the summary statement of chapter VI.

Turning to the data from the short-circuited capacitor-resistor
circuit, one interpretation is that many students come to this problem

with a preconception of, or a scheme for, some other circuit which includes an array for the standard arrangements of a resistor, a capacitor
and a source, quite unlike the one before them.

I

have labeled the hypo-

and
thesized schemes, "Wires don’t do anything." and "Textbook problems
the Real World".

According to these suggested problem-solving approaches,

activated by the
the student's scheme for a standard circuit has been

attends to cercontext of the problem with the result that this person
others.
tain features of the problem while ignoring

principles learned in
It must be realized that the theoretical

information on when and how to
physics do not in themselves carry the
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apply them.

Thus, the processes of operational
schema construction and

application are encouraged, as is
misapplication.
Another possible interpretation of these
particular results is that
the subjects displayed yet another human
Information processing charac-

teristic which is discussed in Karmilof f-Smith and
Inhelder

(

1975 ).

These authors report an observed tendency on the
parts of both adoles-

cents and children toward construction of theories
which are overreach-

given the actual principles upon which those theories are built.
I

found several students focus their circuit discussions on the usual

role of capacitors in circuits, and in the process of doing so, virtually

ignore the presence of the other circuit participants.

I

believe these

study-subjects did so because they viewed the capacitors to be such intriguing operators within circuits (perhaps because of their mathematical elegance) that the very presence of such a device dictated it to be

the determiner of the circuit's properties.

This same survey question allowed us to gain a first-hand view of
one more student tendency in problem solving and that was one of shifting from the real array to a personal representation of the array; a

shift which was often unidirectional.

We observed this tendency in Ellen, the subject whose protocol re-

garding the short circuit was discussed in the previous chapter.

Ellen

shifted her attention completely away from the real circuit to the dia-

gram once she had drawn it.

This may be related to perceived course

"pay-off", i.e., that grading is usually tied exclusively to pencil and

paper problems.

For Ellen, once the problem was translated into a circuit

need
diagram, this became the new problem representation and she saw no
to

further check the validity of her diagram.

Thus,

there appears to be
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a kind of

Irreversibility In her translation process.

Surpr ise Events and Cognitive Processing

.

By definition, a surprise event is an unexpected
one.

In Piagetian

terms, this means that the perceiver had already
assimilated an event
in terms of some particular schema but the outcome
failed to meet the

prediction of the schema.

Piaget, in the foreword to Inhelder, Sinclair

and Bovet (1974), says that such cognitive disturbances yield useful
in-

formation about those mental mechanisms which control the equilibration
process, equilibration being his term for the process whereby we restructure our mental constructs for the purposes of dealing with novel events
or problems.

The Two-Bulb Paradox question and the Capacitor question series

provided considerable information about the cognitive processes associated with surprise events.

I

found additional pertinent discussions of

cognitive disturbances in Charlesworth (1969).
Charlesworth'
tocols,

I

s

Having already described

model in connection with particular Two-Bulb-Paradox Pro-

would like to summarize the more important aspects of that

model and, at the same time, blend in Piaget's analysis.
Piaget, in the same Inhelder, e^

ajL

(1974) foreword, states that a

person's reaction to a disturbance may bring about either of two compensatory cognitive processes.

First, there is the possibility that the

perceiver may accommodate two schemes to each other

,

this process taking

compatible.
place in spite of the fact that the schemes are not

An ex-

"green charge
ample of this first possibility is the case of Ellen's

participation in an operat
and "yellow (charge)" model of the capacitor's
ing circuit.

incompatibility with her
She was unable to recognize its

other circuit models.

195

The other possible reaction to a
cognitive disturbance, according
to Piaget,

is that the percelver alters the properties
of the perceived

event in such a way that the alterations balance
or cancel out whatever

differences may exist between the event and the person’s
existing schemes.
I

found it difficult to attach particular observations of
students' work

(with my "surprise event" question

second possibility.

—

the Two-Bulb Paradox) to Piaget's

If I ever use this Two-Bulb question again,

additionally ask the subject to predic

I

shall

the effect of reverse polarity,

and then ask the person to actually try it.

This added question might

produce data appropriate for use in discussing Piaget's second postulated
mental process as described here.
Some analysts prefer to assume either that students come to teachers

devoid of any prior interpretations of course content, or that those interpretations are of no consequence.

I

believe that the observations

reviewed and interpreted here do fit into the Piagetian concepts of
schemes, schema, assimilation, accommodation and compensation.
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Educatloual Implication s

Introduction
In addition to teaching me more about the generalized aspects
of

human information processing, my data pointed to some significant facts
about student-held physics information, and problem-solving approaches
to particular physics problems.

Many of the widely— held inappropriate

ideas of students were at a considerably lower level than those indicated to be introductory in the standard college physics text.

Also,

there was considerable disparity between the sta tements made by students

about certain physics principles, and the actions in which they applied
the same principles, particularly in the case of conservation of current.

The data also prompted me to infer that some curriculum design con-

sideration ought to be given to the apparent student expectation that
all problems

(given to them, as students, to solve) can be assumed to be

virtually identical to those discussed or described in the text or in
lecture.

Although

I

was tempted to base my recommendations for curriculum

revision primarily on cognitive development, this temptation was tempered
by a knowledge of the experience of others.

Kuhn (1979) reviews several

programs designed to promote cognitive development, indicatin'

gram directcrs have been unable to demonstrate that their

st.

that proents’

growth

the more tradiwas greater than that of their counterparts enrolled in

tional learning programs.

Also to be considered are the "show-me” critics.

like Kieran Egan who has proclaimed:
by a psychological
"To allow educational aims to be constrained
cognition is si y.
of
theory which deals only with a small range

Kieran Egan, "On Piaget and Education"
267.
Harvard Education Review 50:2, p.
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In light of the controversy over whether or not
cognitive development is

clearly a more important objective than the accurate
acquisition of information,

I

shall discuss recommendations which are directed at meeting

either or both goals.
I

As is the usual practice in describing curricula,

am including both content and method.

Since

I

am convinced that learning takes place only when the learner

engages in activities which cater to the restructuring of the learner's

existing mental constructs, my suggestions are for

a

curriculum which

revolves about active student participation (both mentally and physically)
in the course.

The instructor's role is an active one also, with this

person suggesting problems, making it possible for a variety of exchanges
to take place,

and participating in the exchanges as well.

I

also re-

cognize that many practicing instructors are either constrained by or
committed to a didactic approach in their teaching.

I

have included the

"Interim" suggestions for use by teachers in this latter group.

The word,

"interim" has been used to imply that the very experience of involving

students to a greater extent than customary will precipitate a change to
even greater active stuoent participation.

Sample Approach for Teaching Basic Circuit Requirements

.

of any physics
The data review suggests that one of the major goals

student becomes
course dealing with electrical circuits must be that the

aware of the "passing- through" relationshin betwee

r

circuit elements and

for any operating circuit.
the source as a threshhold requirement

Of

circuits have many more requirecourse, physicists know that electrical

ments but

I

simplest idea which was
felt that "passing-through" was the

number of students.
found to be a problem with significant
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Before presenting my suggested teaching
approach,
that

I

1

shall p.int out

have made the simplifying assumption that
student participation

in laboratory work is an appropriate pedagogical
tool for bringing about

active student involvement in the course.

Under this assumption, let us

consider an "active student" approach for dealing with the physics
content described above.

"Passing Througii" for the Active Student:
1.

Batteries and Bulbs Exercise

.

Students are given no prior written information about this

laboratory except its title.

Although this exercise may be

used after the student has been exposed to some lecture, in my

view it would be preferable to use it as the introduction

to

electricity.
2.

As students arrive, they find collections of a bulb, batteries

Many will attempt (and succeed) in the light-

and several wires.

ing of the bulb With no prompting whatsoever from the instructor.

The instructor should invite those remaining students, who chose

not to proceed on their own, to try to light the
3.

1-3,

Present questions

1

alb

listed in the Interim Suggestions from

the section which follows directly, separately (if possible)
to each work group.
4.

Present question

Interim Suggestions:

4

to entire group present.

"Passing Through

'

Rather than simply proceeding through show-and-tell
can engage the class in

questions.

a

,

the instructor

verbal exchange about the following clerics of

comfortable manner
Tie answers may be dealt with in any

(volunteer responses, show-of-hands, etc.).
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1.

Placing a handful of wires, a battery and

a

and arranging the battery, a single wire

and the bulb in the

,

bulb on the table

Sink array (without actually touching the wire
to the bulb
base) ask:

"Do you expect this bulb to light uhen

touch

I

the wire to the bulb button?"
2.

Demonstrate and follow-up with "Why doesn't the bulb light?"
Those who predicted that the bulb would light should be engaged
first with this question.

List all responses for group viewing.

3.

Next question:

A.

Sum up the discussion with a list of the properties

"What do

I

have to do to get the bulb to light?"
c

f

an opera-

ting simple D.C. circuit.

Some readers may feel that the passing- through property of elements
in operating circuits is too trivial to devote to it the amount of time

and energv described.
a tactic

I

submit that a few minutes of verbal instruction,

which some might find tempting, cannot overcome

as strong as the Sink model.

a

preconception

Considerable time and active involvement

on the part of the student (even in lecture') will doubtless be required.

A quick review of Harry’s protocol in Chapter V shows that a minute of
experience, even hands-on experience, is insufficient.

Perhaps we ought

who was
to seriously consider the passing remark made by one student,

already
struggling with another simple bulbs and battery circuit after
laooratory on
having completed a standard introductory college physics
RC filters,

—

"..we ought to do things like this in lab.

'
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Active Student Vsrsus Dsmonstra t i on— Discussion.

Havirg presented my specific suggestions for dealing with
the "passing through" issue, I would like to now review the main
distinguishing

features of the two teaching approaches (Active vs. Demonstration)
which
have been considered in formulating useful strategies applicable in each
case.

The Active Student style has the following characteristics:
1.

Students are given the opportunity to explore the equipment before they are given any direction about what to do with it.

2.

A question is raised about

a specific outcome;

students are

asked to share their predictions about that outcome with each
other, and then the physical manipulation is actually carried
out
3.

Differences between predicted and actual outcomes are made
expl icit

4.

If several questions are raised in a single session,

the results

of all groups’ work and thinking is summarized.

Bearing in mind that it is not really devoid of active student involvement.
The Demonstration-Discussion style is characterized by:
1.

The interaction is between an instructor (or demonstrator) and
the entire group of students at the sanie time.
the instructor manipulates the materials.

2.

By and large,

3.

"Representative" students are called-upon (perhaps because they
prevolunteer) to respond on behalf of the class both in the

dictions and the synthesis.
4.

bef r^ the demon
The instructor does not describe the outcome

stration is carried out.
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Polarity and Proximity

I

believe that student conceptions about Polarity and Proximltv,

although not always verbalized, are deeply rooted.

Why else would

a

student who states that the polarity of the source should have no effect
on the lighting of a bulb, then go on to switch the connections of a

two-bulb series circuit at the battery connecting points?

I

observed

countless students exchange polarity as part of their exploration when
looking for the source of some surprising event in a simple circuit.
The same obsarvation was made with respect to element position (relative
to the Source)

in the circuit.

Specif i. Suggestions:

Polarity Proximity

(In the material which follows,

I

.

shall assume that the reader would

apply his or her favored methodology.)
1.

Return to the single unmounted bulb-and-battery circuit.

Ask

the students to predict the result of changing the polar orien-

tation of the battery while asking them not to actually try it
until each member of the wc'rk group has expressed his or her

reasons for any given prediction.

After observing the results

as to
of having completed the circuit, discussion is resumed so

reconcile predictions and observed results.
2.

Using the Two-Bulb Paradox circuit (two bulbs of

d.if faring

re-

ask students
sistances in series with a single battery), again
to predict, observe,

and compare predictions and observations.

emerge in this
£oth polarity and proximity arguments should

experiment
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3.

The circuit’ described in figure 36

example.

niay

be used as a negative

Even though the bulbs eventually achieve the same

brightness, Bulb

A

will always become bright almost immed-

iately while Bulb "B” will always come on noticeably later.
In explorations with reverse polaiity, additional lengths of

wire and additional batteries should produce no change in the
bulb observed to light first.

The Instructor should avoid the

expert's explanation of this circuit's behavior.

Comments
Again, the reader should note the emphasis on the activities which
are geared toward restructuring student conceptions rather than allowing, by default,

the assimilation of these circuit properties as separ-

ate and distinct from prior experiences and existing preconceptions re-

garding polarity and proximity.
example.

The third suggestions involves a negative

Karmilof f-Smitb and Inheldcr (1973) claim that counter-examples,

as a pedagogical device, are appropriate only after the learner has de-

veloped some conjunctive personal model regarding the phenomenon to be
learned.

So in this case,

tne use of a counter-example is suggested only

after two positive examples have been discussed first.

1

experiment relating to this topic
The idea for using this circuit as an
convex sation with Pro essor e
came after its demonstration in a
Massachusetts.
Steinberg of Smith College, Northampton,
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Circuit Diagram for Suggested
Experiment

Notes regarding circuit elements:
If the bulbs used in this circuit are the standard flashlight

variety, then the capacitor should be at least 10,000 microfarads (0.01
Even though the capacitor is polarized, reverse polarization of the few

volts associated with one or two drycells should have little effect on
the continued use of such a capacitor in experiments such as this one.

Figure 36

F)
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j^^hhoff s

Rules In D.C. Circuits

The data presented in Chapter VII constitute the
strongest evidence
for the need to develop learning experiences which
encourage the students
to reconcile new information with existing cognitive
structures.

chapter,

In that

concluded that many students failed to realize the need for

T

reconciling the role of

a

capacitor in a multi-element, multi-branched

circuit to its role when it is the sole non-energy-source element in a
circuit

Most instructors introduce Kirchhoff's Rules with arrays of resistors and batteries, and although

I

verbal analysis of these circuits,

noted a few problems with students'
I

found little which could be used

to recommend any substantive change in such a beginning.
I

will later express a definite position on the point at which capa-

citors should be iritroduced as electrical devices.

Presumably, the in-

structor has already used the circuit of figure 3o simply to demonstrate
the role of polarity and proximity in circuits.

The same circuit may

be used to introduce capacitors as electrical circuit elements.

Note

the implication that capacitors, normally described and discussed earlier
in relation to electric fields, ought to be postponed until work with

circuits involves resistors as well.

Specific Curriculum Suggestions lor Kirchhoff's Rules
1.

.

personal
So as to help the student reconcile earlier-derived

"standard"
models of the role of capacitors in circuits with
of capacitors
teiminology, reading about the theoretical aspects

presented in lecture
may he assigned, or this material may be
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before reintroducing the circuit of figure J6.

Despite what

was said in previous chapters, the lecture-reading
aspect of a

physics course is of some value in meeting this goal of
com-

paring models.
2.

The operating circuit of figure

2

is again presented to the

student (either in lab or in a demonstration) and the students
are asked to develop, and share, models regarding the role of
the capacitor.
3.

The circuit is modified by changing resistances and capacitors

with similar elements of some widely differing value.

Then,

the learner is asked to devise some sort of qualitative record

descrioing the effect of changes which were made

(a good

mini-

experiment to help the learner better comprehend control variables).
4.

At this point, students should also be encouraged to share what-

ever flow models of electricity they consider to be of predictive

value in electrical circuit analysis.

James Evans (1978) devotes much of his article to the use of a variety
of battery-bulbs circuits to be used in the teaching of the equilibrium

properties of operating electrical circuits; particularly the conservation
of current (Kirchhoff’s junction rule).

Many of the experiments suggested

be .ng recommended
by him could appropriately be used prior to the material

here.
that,

his statement
My clinical interview experience is consistent with
of flow in electric
since students inevitably postulate some sort

testing of whatever concircuits, it seems appropriate to encourage the
.

1

ceptiops they hold about it.

hames Evans, "leaching Electricity with Batteries
Teacher (January,

1978) p.

17.

and Bulbs", Th^Viyslcs
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I

have been unable to find data, other
than mine, concerning stu-

dent tendencies to exaggerate the
time-related properties of operating

electrical circuits, but the experiment
suggested In the previous section (the capacitor-bulb circuit) has the
potential of ensbllng the student to extrapolate recognized transient effects
to the steady state.

Although

I

did not Investigate student conceptions regarding
alternate

current circuits,

I

predict that the experience just described would re-

duce whatever barriers may exist as this new topic is introduced.

Talking About versus AciinR On

Some may feel that the following observation is not particularly

unique to topics in electricity, but something must he said about how

students seem unable to reconcile their language statements with their

analysis of some real event. Many electrical circuits have limited physi
cal

manlfestatic n, and quantitative analysis often requires the manipu-

lation of numbers which do not seem to relate to the learner’s sense of

bigness end smallness.

Nine-volt batteries are usually smaller, in size

than a one-and-one-half volt dry cell;

a

twenty-ohm resistor can be

larger than a megohm resistor.
It was certainly interesting to note so many experienced students

stating that current must be the same through two resistors in series,
then go on to question that posultate, upon noting differing ammeter

readings resulting from meter misuse.

Although the concept of change in potential would have had useful
subpredictive value in the Two-Bulb-Paradox circuit, hardly anv of my
- or any other
jects considered invoking it in the case of that problem

for that matter.

:

207

do not believe that many of
my Interviewees had
assimilated the
standard parameters, such as volts,
ohms, amperes, or watts.
In operational terms; these quantities
seemed to be viewed as elusive
abstractions to be evaluated only when
specifically asked to do so.
1

Redundant as it may seem,

I

must restate the point that serious

consideration should be given to teaching
these standard terms as they
relate to existing student conceptions of
electrical circuits.

This

does not mean that we have to rely on their
random experiences.

We can

lead the learner to have experiences which
require an accommodation of

their existing knowledge.

James Evans was cited earlier as suggesting that students
have a

natural tendency to develop flow models of electricity.

The brilliant

physicist and outstanding physics teacher, Richard Feynman, discusses
the problems with understanding Newton’s Universal Law of Gravitation

thusly

"Newton was originally asked about his theory- ’But it
doesn’t mean anything - it doesn’t tell us anything’.
He said, ’It tells you how it moves.
That should be enough.
I have told you how it moves. Not why.’
But people often
are unsatisfied without a mechanism,..."

Richard Feynman, The Character of Physical Law

,

p.

37

So why not encourage' personal flow models which also incorporate the

physicist’s standard definition of those parameters which we wish to include at our level?

Specific Curricu l urn Suggestions
1.

.

Ask students to share their views of what is happening with the
"current", and "voltage" in a two-element circuit (battery and
a bulb) within a small work group, if possible.
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2.

Collect views of entire group (include

3.

Provide standard definitions (current

aU
“

suggestions).

rate of flow of "charge",

voltage * work associated with moving charge from one point to
another) and ask how these statements are similar or dissimilar
to the views already presented.
4.

Attempt to reconcile any directly opposing views.

5.

Move to more complicated circuits
a) The Two-Bulb Paradox
b) Parallel arrays

6.

Encourage students to incorporate group generated terms as part
of their own flow models by using language such as:

"Can you use terms like ’change in potential’ and ’current’ to
describe what is going on in this (particular example) circuit?"

"Does what you are saying about current through one branch compared that through the other branch make sense to you?"
7.

In laboratory settings involving measurement of electrical

parameters, require that students predict the outcome as best
they can before making the actual measurement; considerable

emphasis ought to be placed on reconciling differences between

predictions and observations.

Standard Learning Experiences and the Real World

Is it true that vires don’t do anything?

Is it true that wh. n ex-

the difference is
perimental determinations fail to meet expectations,

that means)?
likely due to "experimental error" (whatever

Must every

solved elsewhere?
new problem be matchable to one already

My interview
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records Indicate that various students
essentially answered "yes" to
these questions.

One of the most often-voiced weaknesses of
the earliest editions
of the PSSC Physics textbook was that It
failed to Include sample pro-

blems.

Students complained that the chapter content was of no value

in the solution of assigned homework problems.

closely,

When examined more

this complaint translated to the fact that, in spite of leafing

through the chapter several times, the student was unable to find

a

sample problem solution showing the step-by-step algorithm to be used
in problems similar to those assigned.

Several interviews indicated

the problem exists among college students even now.

How can an instruc-

tor help students realize the inadequacy of "pattern matching" as a

general problem heuristic? The deliberate introduction of "surprise" is
one answer.

And, one of the best sources of "surprise" events is the

laboratory experience, for no matter how well planned, a laboratory exercise hardly ever falls to provide some unexpected Happening.

(Of

course, "surprises" can be part of penc 11-and-paper problems as well.)

Specific Curriculum Suggestions Dealing with Inappropriate Pattern Matching
First,

I

do not wish to make recommendations with respect to a par-

ticular topic, for this problem transcends all course topics.

Second,

1

believe that it is not only Important that the learner encounter "surstuprise" events but that instructors promote an attitude whereby ^he
and actual
dent attempts to attribute the differences between expected

events to something other than "error".
1.

Since

I

More specifically,

texthave found, through experience in teaching, that

often can
book authors tend to write problems which students
text, the assignment
"match" to the chapter as developed in that

.

s
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of home-study problems from
sources other than the text-ln-use

can reduce the likelihood of success
solely by "pattern matching".

Presenting laboratory problems in the form
of the simplest

2.

statement needed to describe the given problem,
thereby leaving the student to decide method and materials,
will inevitably

produce more "surprise" events than teacher-designed
exercises.
Features

I

S hared

by Suggestions for Teachin g

have made suggestions for the teaching of electricity in physics

which share three common features.

One is that the work done by students

should have as much of a personal! y— decided direction as appropriate

within the goals of the course.

I

am convinced that individual student's

preconceptions must not only be made explicit but make up the starting
point of course work.

Another feature of several suggested approaches is tne presence of

recommendations aimed at reducing Instructor tendencies to promote quantitative over qualitative aspects of problem solving.

Finally, all suggested approaches to teaching a given topic recognize
that although "standard" terminology and expert models of systems are im-

portant, these aspects of student development ought to be considered se-

condary to dealing with preconceptions and qualitative aspects of problem
solving.

Suggestions for Future R t earc

h

student
Johan deKleer (1978) discusses his findings of gradual-level
of
uses of causal reasoning in, and describes his simulation
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more advanced problems from electricity
(particularly electronic circuits);

I

of models.

have found no data on beginning students' uses of
these kinds

Although

I

had included questions In my interviews which

I

considered appropriate to learning more about analogies employed
by
students working with the class problems investigated here,

able to derive any meaningful conclusion from the data.

I

was not

Additional re-

search might uncover an appropriately non-suggestive question to inves-

tigate student analog-models used by them in electrical problems.
I

conducted my study with students who were engineering majors.

Since a large number of students (perhaps one-half) enrolled in our college introductory physics courses are from majors other than physical

science and engineering, the same questions reported here ought to be

investigated with students from this latter group.
Suggestions were offered concerning the use of capacitors in ex-

periments designed for introductory work with resistive electrical circuits.

Interviews, designed to investigate the effects of this particu-

lar recommendation, ought to be conducted.

Another issue which should be examined is the separation of errors
resulting from serious subject matter misconceptions, from those errors

resulting from schemata developed to deal with the educational establishment in general.

I

feel that additional data using questions like my

conshort-circuited capacitor-resistor array would make a significant

tribution along this line.
of student-teacher
My last recommendation would be for an examination

development.
interactions in terms of their effect on the student’s

The

a helpful guide because the
study described in Lybeck (1979) would be

methodology is similar to that which
another example.

I

used and therefore would serve as

)
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